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KIDNEY AND URETER 



Kidney 



The kidneys cxaeic ihc end produas of mcubolism and excess water. 
Both of these acuons are esseniial lo the control of concentrations of 
various substances iii the body fluids. e.g. maintaining electrolyte and 
water balance approximately constant in the tissue fluids. The kidneys 
also have endocrine functions producing and releasing erythropoietin 
which affects red blood cell formatioiv renin which influences blood 
pressure, 1,25-hydroxycholecaJdferol, which is involved in the control 
of caldum metabolism and is a derivative of vitamin D, and perhaps 
modifies the action of the parathyroid hormone, and variotis other 
soluble faaors with metabolic actions. 

The kidneys in the fresh state are reddish -brown. They are situated 
posteriorly behind the peritoneimi on each side of the vertebral column 
and are surrounded by adipose tissue. Superiorly they are level with tlie 
upper border of the twelfth thoracic vertebra, infeiiorly with the third 
lumbar vertebra. The right is usually slightly inferior to the lefl probably 
reflecting its relationship to the liver. The left is a little longer and 
narrower than the right and lies nearer the median plane (Fig. 91.1). 
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The long axis of each kidney is directed inferolateralJy and the transverse 
axis posteromedially. Hence the anterior and posterior aspcas usually 
described arc in fact anterolateral and posteFomedia). The transpyloric 
plane passes through the superior pan of the right renal hilum and the 
inferior part of the left (p. 1099). 

Eadi Iddney is c.11 cm in length; 6 cm in breadth and 3 cm in antero- 
posterior dimension. The left kidney may be 1.5 cm longer than the 
right; it is rare for the right kidney to be more than l cm longer than the 
left. The average weight is c 150 g in men and 135 g in women. In thin 
individuals with a lax abdominal wall the lower pole may just be felt in 
full inspiration by bimanual lumbar examination, but this is unusual. 

In the fetus and newborn, the kidney has c.l2 lobules (Fig. 91.2). 
These are fused in adults to present a smooth surface although traces of 
lobulation may remain. 

Absent and ectopic kidneys - A single absent kidney is seen in c.l in 
1200 individuals and results from failure of metanephric blastema to 
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fig. 9\2 Th« kidneys and suprarenal glands of a newborn infant anterior aspect 
Note the bbulatlon of the renal surface and relative size of the organs. 



join with a ureteric bud on the affected side. It has no clinical sequelae 
but may frequently be associated with absence of the ipsilateral vas 
deferens and/or epididymis and may be associated with other congenital 
anomalies including imperforate anus, cardiac valvtslar anomalies and 
oesophageal atresia. A single kidney often shows compensatoiy hyper- 
trophy. The life expectancy of individuals with a single kidney is the 
same as those with two kidneys. 

Failure of the kidney to ascend in utgro to the correa position in the 
renal fossa results in renal eaopia. Most commonly the kidney is found 
in the pelvis: this occurs in cl in 2500 live births. Kidneys so placed 
often have associated malrotation anomalies, and may have marked 
fetal lobulation. Pelvic kidneys frequently become hydronephrotic as a 
result of an anterior placed ureter and an anomalous arterial supply. An 
associated pelviureteric junction obstruction is often present. 

Very rarely and despite the normal location of the ureteric orifices 
within the bladdci; the two renal masses may be on the same side This 
is termed aossed renal eaopia and usually the two renal masses are 
fused in such drcumstances. A solitary crossed renal ectopia may be 
associated with skeletal and other genitourinary anomalies. 

Horseshoe kidney - Horseshoe kidneys are fbimd in 1 in 400 indi- 
Aiduals. A transverse bridge of renal tissue* the isthmus, which usually 
but not invariably contains functioning renal substance, connects the 
two renal masses. "Hie isthmus lies between the inferior poles, most 
commonly anterior to the great vessels. The ureters curve anterior to the 
connection and may have a high insertion into the renal pelvis. 

The blood supply to horseshoe kidneys is variable One vessel to 
each moiety is seen in 30% of horseshoe kidneys. Multiple anomalous 
vessels are common and the isthmus may be supplied by a vessel 
direaly from the aorta or from branches of the inferior mesenteric, 
common iliac or external iliac arteries. In view of this variable arterial 
anatomy, angiography is very helpful when planning renal surgery on 
horseshoe kidneys. 

Horseshoe kidneys can have an associated congenital pelviureteric 
junction obstrucdon in up to 30%. Anomalous vessels crossing the 
ureter and the abnormal course of the ureter as it passes over renal sub- 
stance may also cause obstruction. Horseshoe kidneys have an inaeased 
incidence of stone disease probably as a coxuequence of areas of 
inefficient drainage 

PERIRENAL FASCIA (Rgs 91 3. 91 4) 

The perirenal fascia is a dense clastic connective tissue sheath which 
envelops each kidney and suprarenal gland together with a layer of 
surrounding perirenal fat. The Iddney and its vessels are embedded in 
perirenal fat, which is thickest at the renal borders and prolonged at the 
hilum into the renal sinus. 




Fig. 913 Sagittal section through the posterior abdominal wall showing tKe 
relations of the renal ^ia of the r^ht kidney. 




Fig. 914 Transverse section, showing the relations of the reoal fascia. 



The perirenal fescia was originally described as being made up of two 
separate entities, the posterior fasda of Zuckerkandl and the anterior 
fesda of Gerota which fused laterally to form the lateral conal fascia. 
According to this view, the lateral conai fasda continued anterolaterally 
behind the colon to blend with the parietal peritoneum. 

However, work by Mitchell (1950) showed that the perirenal fescia 
is not made up of distinct fused fasciae but is in ha a single multi- 
lazninated structure which is fused posteriomedially with die muscular 
fiisdae of psoas major and quadratus lumborum. It then extends 
anterolateially behind the kidney as a bilaminated sheet which ' 



variable point divides into a thin lamina which passes around the front 
of the kidney as the anterior perirenal fasda, and' a thicker posterior 
lamina which continues anterolaterally as the lateral conal fasda (and 
fuses with the parietal peritoneum. 

Classically, the anterior perirenal iasda was thought to blend into 
the dense mass of connective tissue surrounding the great vessels in the 
root of the mesenteiy behind the duodenum and panaeas, thereby 
preventing communication between perirenal spaces across the 
midline. However inspection of CT and anatomical sections of cadavers 
following the injeaion of small volumes of contrast and coloured latex 
respectively into the perirenal space revealed that fluid could extend 
across the midline at the third to fifth lumbar levels through a narrow 
channel measuring 2-10 mm in AP dimension. In the midline the 
anterior and posterior renal fasdae fuse superiorly and are anached 
to the cms of their respective hemidiaphragms. Inferiorly the fasciae 
separate for a variable craniocaudal distance along most of the length 
of each kidney. The posterior perirenal fasda fuses with the muscular 
fasda of psoas major whilst the anterior perirenal fasda extends aaoss 
the midline in front of the great vessels and so communication between 
the two sides is permitted. Below this level the two fasdae once again 
merge and are attached to the great vessels or iliac vessels. The contain- 
ment of fluid to one side of the perirenal space that is observed in over 
two thirds of dinical cases is attributed to the presence of fibrous septae. 

Above the suprarenal glands the anterior and posterior perirenal 
fasdae were previously said to fuse with each other and to the diaphrag- 
matic fasda. This description of a dosed superior cone is not univer- 
sally accepted. Cadaveric experiments have shown the superior aspect 
of the perirenal space to be open and in continuity with the bare area 
of the liver on the right and the subphrenic extraperitoneal space on the 
left. The posterior fasdal layer blends bilaterally with the fasda of psoas 
major and quadratus limiborum as wdl as the inferior phrenic fasda. 
The anterior fascial layer on the right blends with the right inferior 
coronary ligament at the level of the upper pole of the kidney and bare 
area of the liver. On the left the anterior layer fuses with the gastrosplenic 
ligament at the levd of the suprarenal g^and. 

There is some debate concerning the inferior fusion of the perirenal 
fasda. Many investigators believe that inferiorly the anterior and 
posterior leaves of the perirenal fasdal fuse to produce an inverted cone 
which is open to the pdvis at its apex. Laterally the anterior and 
posterior leaves fuse with the iliac fasda, and medially they fuse with 
the periureteric connective tissue. The inferior apex of the cone is open 
anatomically towards the iliac fossa but rapidly becomes sealed in 
inflammatory disease. An alternative view is based on the dissection of 
recentiy deceased cadavers after injections of coloured latex into the 
perirenal space: these have shown that the anterior and posterior peri- 
renal fasdae merge to form a single mululaminar fasda which contains 
the ureter in the iliac fossa. Anteriorly this common fasda is Joosdy 
conneaed to the parietal peritoneum, and so denies free commimication 
between the perirenal space and the pdvis, and also denies communi- 
cation between the perirenal and pararenal spaces. 

A simple nephreaomy for benign disease removes the kidney from 
within perirenal fasda; a radical nephreaomy for cancer removes the 
entire contents of the perirenal space including the perirenal fasda/ iti 
order to give adequate dearance around the tumour. 



RENAL RELATIONS (Fig 91 s) 

The superior poles of both kidneys are thick and round and each is 
related to its suprarenal gland. TTie inferior poles are thinner and extend 
to within 2.5 cm of the iliac aests. The lateral borders are convex. The 
left kidney is covered superioriy by peritoneum, which separates it from 
the spleen, and below this is in contaa with the descending colon (Fig, 
91. 6A). The peritoneum of the greater sac separates the lateral border of 
the right kidney from the right lobe of the liver. The medial borden are 
convex adjacent to the poles, concave between them and slope infcro- 
laterally. In each a deep vertical fissure opens anteromedially as the 
hilum, which is bounded by anterior and posterior lips and contains 
tlie renal vessds and nerves and the renal pelvis. The relative positions 
of the main hilar struaures are the renal vein anterior, the renal artery 
intermediate and the pd\4s of the kidney posterior. Usually an anerial 
branch from the main renal artery mns over the superior margin of the 
renal pelvis to enter the hilum on the posterior aspect of the pdvis, and 
a renal venous tributary often leaves the hilum in the same plane. 




Fig. 913 MultisUce CT Kan of the kidneys. A, Coronal obljque reformat showing 
both kidneys and the suprarenal glands. B, Sagittal oblique of the right kidney 
lying posterior to the right lobe of the liver, duodenum and right colic flexure. 
C. Sagittal oblique of the left kidney lying posterior to the stomach, pancreas 
and the splenic vessels. 



Above the hilum the medial border is related to the^suprarenal gJ.and 
and below 10 the origin of the ureter. 

The convex amcrior surface of the kidney actually faces aniero- 
laterally and its relations differ on the righi and left. Likewise the 
posterior surfact^ of the kidneys in reality faces posicromedially. Its 
relations are similar on boU'i sides of the body. 

ANTEROUTERAL SURFACE OF RIGHT KIDNEY (Fig. 91.6A) 
A small area of ilie superior pole is in contan with the righi suprarenal 
gland, indeed the suprarenal gland may overlap ihe upper pan of the 
media] border of the superior pole. A large area below this (about three- 
quarters of the anterior surface) is immediately related lo the renal 
impression on the right lobe of the liver. A narrow medial area is related 
to the descending part of the duodenum. Inferiorly the anterior surface 
is in contaa laterally wiih the right colic flexure and medially with part 
of the small intestine. The areas related to the small intestine and in 




Rg. 91.6 A, TT^e anterior surfaces of the kidneys, showing the areas related to neighbouring viscera. Areas coloured pale blue are separated from adjacent viscera by the 
perrtoneum. B, The posterior surfaces of the kidneys, showing the areas of relation to the posterior abdominal wall 



coxicaa with the liver arc covered by peritoneiun which overlies the 
renal fesda, whereas the suprarenal, duodenal and colic areas are 
devoid of peritoneum. 

ANTEROLATERAL SURFACE OF LEFT KIDNEY (Fig. 91.6A) 
A small medial area of the superior pole is related to the left suprarenal 
gland. Approximately the upper two-thirds of the lateral half of the 
anterior surface is related to the spleen. A central quadrilateral area lies 
in contaa with the panaeas and the splenic vessels. Above this a small 
variable triangular region, between the suprarenal and splenic areas, is 
in contaa with the stomach. Below the panaeatic and splenic areas, a 
narrow lateral strip which extends to die lateral border of the kidney is 
related to the left colic flexure and the beginning of the descending 
colon. An extensive medial area is related to loops of jejunum. Hie 
gastric area is covered with the peritoneum of the lesser sac (omental 
bursa) and the splenic and jejunal areas are covered by the peritoneum 



of the greater sac. Behind the peritoneum covering the jejunal area, 
branches of the left colic vessels are related to the kidney. The supra- 
renal, pancreatic and colic areas are devoid of peritoneum. 

POSTEROMEDIAL SURFACE OF BOTH KIDNEYS (Figs 91.6B, 91.7} 
The posteromedial surface of the kidneys is embedded in fet and devoid 
of peritoneum (Figs 91.3, 91.4). It is anterior to the diaphragm, the 
medial and lateral arcuate ligaments, psoas major, quadratus lumborum 
and the aponeurotic tendon of transversus abdominis, the subcostal 
vessels and subcostal, iliohypogastric, and ilioinguinal nerves. Hie upper 
pole of the right kidney is level with the twelfth rib, and that of the left 
with the eleventh and twelfth ribs. The diaphragm separates the kidney 
from the pleura, which descends to form the costodiaphragmatic recess. 
Sometimes its muscle is defective or absent in a triangle immediately 
above die lateral arcuate ligameni and this allows perirenal adipose 
tissue to contaa the diaphragmatic pleura. 



Fig. 91.7 The right kidney 
(posterior exposure]. The blue area 
represents the pleura, the broken 
red line the upper part of the 
kidney. The subcostal nerve has 
been displaced downwards. 
Parts of the diaphragm and 
quadratus tumborum have been 
resected. 
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Fig. 91^ Longitudinal section through a kidney to show the nornr\al 
macroscopic appearance note the pelvis of the ureter and its division into 
calyces. The pelvis and major calyces have not been opened. 



GENERAL RENAL STRUCTURE (Rg 918) 

The postnatal kidney has a thin capsule, easily removed, composed of 
collagen-rich tissue with some elastic and smooth musde fibres. In 
renal disease it may become adherenL The kidney itself can be divided 
into an interna), medulla and external cortex. 

The renal medulla consists of paJe, striated, conical renal pyramids, 
their bases peripheral, their apices converging to the renal sinus. At the 
renal sinus they project into calyces as papillae. 

The renal cortex is subcapsular, arching over the bases of the 
pyramids and extending between them towards the renal sinus as renal 
columns. The peripheral regions are conical arches and are traversed 
by radial, lighter- coloured medullary ra>'S, separated by darker tissue, 
the convoluted part. The rays taper towards the renal capsule and are 
peripheral prolongations from the bases of renal pyramids. The cortex 
is histologically divisible into outer and inner zones; die inner is 
demarcated from the medulla by tangential blood vessels (arcuate 
arteries and veins), which lie at the junaion of the two, but a thin layer 
of cortical tissue (subconex) appears on the medullary side of this zone. 
The conex dose to the medulla is sometimes termed iuxiamedullary. 



RENAL CALYCES AND PELVIS (Fig 919) 

The hilum of the kidney leads into a central renal sinus, lined by the 
renal capsule and almost billed by the renal pelvis and vessels, the 
remaining space being frlled by fat. Wttliin die renal sinus, the coUecting 
tubules of the nephrons of the kidney open onto the summits of the 
renal papiUae to drain into minor calyces, funnel-shaped expansions of 
the upper urinary iraa (Figs 91.9, 91.15). The renal capsule covers the 
external surface of the kidney and continues through the hilum to line 
the sinus and fuse with the adventitial coverings of the minor calyces. 
Each minor caJyx sunrounds either a single papilla or, more rarely, 
groups of two or three papillae. Tlic minor calyces unite with their 
neighbours to form two or possibly three larger chambers, the major 
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Fig. 91.9 A left retrograde pyelogram. Contrast medium which has been 
tntroduced Into the calyces, pelvis and upper ureter via a ureteric catheter can 
be clearly identified; This technique affords comiderabiy better visualization of ' 
the calyces than can be achieved by the intravenous method. Note the relation 
of the ureter to the tips of the lumbar transverse processes and the 
characteristic 'cupping' or 'champagne glass' profiles of the tips of the lesser 
calyces where they surround the renal pyramids. 'Calyx' means a cup and such 
cupping* of the minor calyces is the normal appearance. (The major calyces are 
not cups and are hence inappropriately named.} 



calyces. The calyces of each kidney arc usually arr,inged in seven pairs 
(seven ventral and seven donial) although there is wide variation. The 
calyces drain into the infundibula. The renal pelvis is nonnally formed 
from the iunrtion of two infundibula, one from the upper and one from 
tlie lower pole calyces, but there may be a third, draining the calyces in 
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Rg. mo Multl$lice CT renal ar\giQgram. A» Coronal reformat. B, Axial reformat 



the mid-portion of the kidney. Tht calyces are usually grouped so that 
three pairs drain into the upper pole infundibulum and four pairs into 
the lower pole infundibulum. If diere is a middle infundibulum, the 
distribution is normally three pairs at the upper pol^ two in the middle, 
and two at the lower pole. There is considerable variation in the anange- 
ment of the infundibula and in the extent to which the pelvis is intra- 
rcnal or extrarenal. The ftinnel-shaped renal pelvis tapers as it passes 
infcromedially, traversing the renal hilum to become continuous with 
the ureter (Figs 92.1, 91.8, 91.9, 91.15). It is rarely possible to deter- 
mine precisely where the renal pelvis ceases and the ureter begins: the 
region is usually extrahilar and normally lies adjacent to the lower pan 
of the medial border of the kidney. Rarely, the entire renal pelvis has 
been found to lie inside the sinus of the kidney so that the pelviureteric 
rc^on occurrs cither in the vicinity of the renal hilum or completely 
within the renal sinus. 

The calyces, renal pelvis and ureter are well-demonstrated radio- 
logically following an intravenous injection of radio-opaque contrast 
which is excreted in the urine {intravenous urography - IVU) (Fig. 
92.1); or after the introduction of radio-opaque contrast into the 
ureter by catheterization through a cystoscope (ascending or retrograde 
pyelography (Fig. 91.9). Normal cupping of the minor calyces by 
projecting renal papillae may be obliterated by conditions that cause 
hydronephrosis, chronic distension of the ureter and renal pelvis due to 
upper or lower urinary traa obsuiiction rcsuldng in elevated intiapelvic 
pressure 

RENAL CALCULI 

An undcnaandir^ of innurenal^and,^^ 

managing pMems with calculi, particularly now that minimal invasive 
techniques are available to treat this common pathology. 

Smaller renal calculi are treated with extracorporeal shock wave 
lithotripsy. Stones in the lower pole of the kidney clear less well if the 
angle between the inAindibulum of the calyx containing the stone and 
the ureter is acut^ or if diere is a particularly long and narrow 
infundibulum. 

Percutaneous stone extraction is most frequently achieved by 
puncturing a posterior calyx with a needle. Posterior calyces are seen to 
lie more medially when looking at an intravenous urogram because of 
the normal roution of the kidney. 

Ureteric calculi tend to be arrested in their descent in either the 
pelviureteric region, the point where the ureter passes over the pelvic 



brim, or the vesicoureteric junction, because these are the three areas 
where the ureter is narrowest. 

VASCULAR SUPPLY AND LYMPHATIC 
DRAINAGE 

ARTHRIES (Figs 911. 91.10) . 

The paired renal arteries take c.20% of cardiac output to supply organs 
that represent less than one-himdredth of total body weight They supply 
the kidneys through a number of subdivisions described sequentially as 
segmental, lobar, interlobar, and arcuate arteries. These are end arteries 
with no anastomoses. The arcuate arteries further divide into inter- 
lobular arteries which give rise to the afferent arteries to the glomeruli. 

The renal arteries branch laterally from the aorta just below the origin 
of the superior mesenteric artery. Both cross the corresponding cms of 
the diaphragm at right angles to the aorta (Figs 91.1, 91.11). The right 
renal artery is longer and often higher, passing posterior to the inferior 
vena cava, right renal vein, head of the panaeas and descending part of 
the duodenum. The left renal artery is a little lower and passes behind 
the left renal vein, the body of the panaeas and splenic vein. It may be 
aossed anteriorly by the inferior mesenteric vein. 

A single renal artery to each kidney is present in c70% of individuals. 
The arteries vary in their level of origin and in their calibre, obliquity 
and precise relations. In its extrarenal course each renal artery gives off 
one or more inferior suprarenal arteries, a branch to the ureter and 
branches which supply perinephric tissue, the renal capsule and.the 
pelvis. Near the renal hilum, each artery divides into an anterior and a 
posterior division, and these divide into segmental arteries supplyiJ^S 
the renal vascular segments. Accessory renal aneries are common (30% 
of individuals), and usually arise from the aona above or below the 
main renal anery and follow it to the renal hilum. They are regarded as 
persistent embryonic lateral splanchnic arteries. Accessory vessels to the 
inferior pole cross anterior to the ureter and may, by obstructing the 
uretei; cause hydronephrosis. Rarely, accessory renal arteries arise from 
the coeliac or superior mesenteric arteries near the aortic bifurcation or 
from the common iliac arteries. 

Segmental arteries (Fig. 9112) 

The segmental arteries branch successively into lobar, interiobar, arcuate 
and interiobuiar aneries, afferent and efferent glomerular anerioles 




and conical intenubular capillary^ plexuses. The cortical venous radicles 
drain them and also the vasa reaa and associated capillary plexuses of 
the medulla into the renal vein (Fig$ 91.12, 91.15). Renal vascular 
segmentation was originally recognized by John Humer in 1794, but the 
first detailed account of the primary pattern was produced in the 1950s 
from casts and radiographs of injeaed kidneys. Five anerial segments 
have been identified. The apical segment occupies the anieromedial 
region of the superior pole. The superior (anterior) segment includes 
the rest of the superior pole and the central anterosuperior region. 
The inferior segment encompasses the whole lower pole. The middle 
(anterior) segment lies between the anlerior and inferior segments. The 
posterior segment incJudes the whole posterior region between the 
apical and inferior segments. 

This is the pattern most commonly seeji and although there r^m be 
considerable variation it is the pattern that clinicians most frequpnily 
encounter when performing partial nephrectomy. Whatever pattern is 
present, u must be emphasized lliai vascular segments are supplied by 
virtual end arteries. In contrast, larger intrarena) veins have no segmental 
organization and anastomose freely. 

Rrodcl ( 1 911 ) desaibed a relatively avascular longitudinal zone (the 
'bloodless' line of Brodel) along the convex renal border, which was 
proposed as the mo.si suiiahle site for .surgical incision. However, many 
vessels cross this zone, and it is far from 'bloodless': planned radial or 
imerscgmental incisions are preferable. Knowledge of the vascular 
anatomy of the kidney is important when undertaking partial 
nephreciomy for renal cell cancers. In this surgery the branches of the 
renal anery are defined so that the surgeon may safely excise the renal 
substance containing ilie tumour whilst not compromising the vascular 
supply to the remaining renal tissue. 

Lobar, interlobar, arcuate and interlobular arteries 
Initial branches of segmental arteries are lobar, usually one lo each 
renal pyramid. Before reaching the pwamid \hey subdivide imo two or 
three inieriobar anexies, extending towards the concx around each 
pyramid. Ai the junaion of the cortex and medulla, interlobar arteries 
dichotomize into arcuate arteries which diverge at right angles. As ihcy 
arch between conex and medulla, each divides further^ ultimately supply- 
ing interlobular arteries which diverge radially into the concx. Tlie 
terminations of adjacent arcuate arteries do not anastomose but end in 



the cortex as additional interlobular arteries. Though most interlobular 
arteries come from arcuate branches, some arise directly from arcuate or 
even terminal imeriobar aneries {Fig. 91.15). 

Interlobular arteries ascend towards the superficial cortex or may 
branch occasionally en route (Fig. 91.15). Some are more tortuous and 
recurve towards the medulla at least once before proceeding lovrards 
the renal surface Others traverse the surface as poforating arteries to 
anastomose with the capsular plexus (which is also supplied from the 
inferior suprarenal, renal and gonadal arteries). 

Afferent and efferent arterioles 

Afferent glomerular arterioles are mainly the lateral rami of interlobular 
arteries. A few arise from arcuate and interlobar arteries when they vary 
their direction and angle of origin: deeper ones incline obliquely back 
towards the medulla, ihe intermediate pass horizontally, and the more 
superficial approach the renal surface obliquely before ending in a 
glomerulus (Figs 91.13, 91.15), 

From most glomeruli (except those at juxiamedullary and some at 
intermediate cortical levels) efferent glomerular arterioles soon divide 
to form a dense peritubular capillary plexus around the proximal and 
distal convoluted tubules. In the main renal conical dxoilation there 
are thus two sets of capillaries in series, glomerular and peritubular, 
linked by efferent glomerular arterioles. From the venous ends of the 
peritubular plexuses fine radicles converge to join interiobular veins, 
one with each interiobular artery. Many interiobular veins begin beneath 
the fibrous renal capsule by the convergence of several stellate veins, 
which drain the most superficial zone of the renal coaex and so are 
named from iheir surface appearance. Interiobular veins pass to the 
conicomedullar)' junaion. They also receive some ascending vasa recta 
and end in arcuate veins, which accompany arcuate aneries, and 
anastomose with neighbouring veins. Arcuate veins drain into inter- 
lobar veins, whicli anastomose and form the renal vein. 

The vascular supply of the renal medulla is largely from efferent 
anerioles of juxtameduUary glomeruli, supplemented by some from 
more superficial glomeruli, and 'aglomemlar' arterioles (probably from 
degenerated glomeruli). Efferent ^omenilar anerioles passing into the 
medulla are relatively long, vdde vessels, and contribute side branches 
to neighbouring capillary plexuses before entering the medulla, where 
each divides into 12-25 descending vasa recta. As their name suggests. 



Posterior 

Fig. 91.12 Segmental arterial anatomy of the right kidney. (By permission from 
Walsh PC. Retik AB, Vaughan ED et al (eds) 2002 Campbcirs Urology, 8th edn. 
Philadelphia: Saunders.) 



these run suaight to varying depths in the renal medulla, contributing 
side branches to a radially elongated capillary ple^cus (Fig. 91.15) applied 
to the descending and ascending limbs of renal loops and to coUecdng 
ducts. The venous ends of capillaries converge to the ascending vasa 
recta, which drain into arcuate or interlobular veins. An essential feature 
of the vasa reaa (panicularly in the outer medulla) is that both ascend- 
ing and descending vessels are grouped into vascular bundles, within 
which the external aspects of both types are closely apposed, bringing 
them dose to the limbs of renal loops and collecting ducts. As these 
bundles converge centrally into the renal medulla they contain fewer 
vessels: some terminate at successive levels in neighbouring capillary 
plexuses. Thb proximity of descending and ascending vessels with each 
other and adjacent ducts provides the structural basis for the counter- 
current exchange and multiplier phenomena (Figs 91.13, 91.15). 

These complex renal vascular patterns show regional specializations 
which are closely adapted to the spatial organization and funaions of 
renal corpuscles, tubules and duels (Figs 91.13, 91.14, 91.15). 

Renal, interlobar and arcuate arteries are typical large muscular 
arteries and the interiobular vessels resemble small muscular arteries. 
AfiFerent glomerular vessels have a typical arteriolar structure with a 
xnuscular coat two to three cells thick; this coat and the connecdve 
tissue components of the wall diminish near a glomeruIiLs until a point 
30-50 p.m proximal to it where arteriolar cells begin to show modifi- 
cations typical of the juxtaglomerular apparatus (p. 1283). The efferent 
arterioles from most cortical glomeruli have thicker walLs and a narrower 
calibre than corresponding aflferents. Although die afferent arteriole 



Fig. 91.13 'Microfir injection of the arterial tree of human kidney, high power 
micrograph. The juxtamedullary efferent arterioles leave the glomeruli to form 
medullary vascular bundles (descending vasa rectaji (Preparation provided by 
OB Moffat Oepartmem of Anatomy, University College of Wales. Cardiff.) 



is generally considered to be solely responsible for tubuloglomerular 
feedback, the role of the efferent aneriole in this process has been 
reviewed by Davis (1991). The perimbular and medullary capillaries 
possess a well-defined basal lamina and their endothelial cells have 
typically fenestrated cytoplasm, as in ascending vasa recta, whereas the 
descending vasa reaa have thicker, continuous endothelium. 

VEINS (Fig. 91.11) 

The lai^e renal veins lie anterior to the renal arteries and open into the 
inferior vena cava almost at right angles. The left is three rimes longer 
than die right (7.5 cm and 2.5 cm) and for this reason the left kidney is 
die preferred side for live donor nephrectomy. It runs from its origin in 
the renal hilum, posterior to the splenic vein and the body of pancreas, 
and then across the anterior aspect of the aorta, just below the origin 
of the superior mesenteric anery. '{"he left gonadal vein enters it from 
below and the left suprarenal vein, usually receiving one of the left 
inferior phrenic veins, enters it above but nearer the midline. The left 
renal vein enters the inferior vena cava a litde superior and to the righi. 
The right renal vein is behind the descending duodenum and some' 
times the lateral part of die head of the pancreas. 

The left renal vein may be double, one vein passing posterior, the 
other anterioii to the aorta before joining tlie inferior vena cava. This is 
sometimes referred to as persistence of die 'renal collar'. The anterior 
vein may be absent, so that there is a single retroaortic left renal vein. 
Because of its close relationship widi die aorta, the left renal vein may 
be ligated during surgery for aortic aneurysm. This seldom results in 
any harm to the kidney, provided that the ligature is placed to the right 
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Fig. 91.14 Resin 
corrosion cast of 
human kidneys. 
Ureter, pelvis and 
calyces are yellow; 
aorta, renal 
arteries and their 
branches are red. 
Compare with 
Hgs 91.9, 91.I0A. 
(Prepared by the 
late DH Tompsctt 
of the Royal 
College of 
Surgeons of 
England. By 
permission of the 
Museums of The 
Royal College of 
Surgeons.) 
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of tlie draining gonadal and suprarcnaJ veins, because ihese usually 
proNnde adequaie coUaieral venous drainage. The right renal vein has no 
significant collateral drainage and cannot be ligated with impunity. 

LYMPHATIC DRAINAGE 

Renal lymphatic vessels begin in three plexuses, around the renal 
lubules, under the renal capsule, and in the perirenal fat (the latter two 
connea freely). Colleaing vessels from the iiitrarenal plexus form four 
or five trunks which follow the renal vein to end in the lateral aortic 
nodes; as they leave the hilum the subcapsular collecting vessels join 
them. The perirenal plexus drains diiealy into ilie same nodes. 

INNERVATION 

A dense plexus of autonomic nerves around the renal artery is formed 
by rami from Uie coeliac ganglion and plexus, aorticorenal ganglion, 
lowest ihoradc splandmic nen'e, first lumbar splanchnic nerve and 
aortic plexus. Small ganglia occur in the renal plexus, the largest usually 
behind the origin of the renal aner>'. The plexus continues into the 
kidney around the arterial branches lo supply the vessels, renal glomeruli, 
and tubules, especially the conical tubules. Axons from plexuses around 
the arcuate aneries innervate juxtamedullar)' efferent arterioles and vasa 
recta, which control the blood flow between the conex and medulla 
without- affeciijig the glomerular circulation. Axons from the renal 
plexus contribute to ureteric and gonadal plexuses. The ureteric plexus 
receives, in its upper pan, branches from the renal and aortic plexuses, 
in its imermediaie pan, branches from the superior hypogastric plexus 
and hypogastric nen'e, and in its lower pan, branches from the hypo- 
gastric ncive and inferior hypogastric plexus. Iliis supply influences the 
inherent motility of the ureter. 

MICROSTRUCTURE (Fig.9i.is) 

The kidne>' is composed of many tortuous, closely packed uriniferous 
tubules, bounded by a delicate conneaive tissue in which run blood 
vessels, lymphatics and nerves. Each tubule consists of two cmbryo- 
logically distinct pans (p. 1373). the nephron, which produces urine^ 
and the coJlccting dua, which completes the concentration of urine 
and through which urine passes out of the kidney to the ureter and 
urinary bladder. 



The nephron consists of a renal corpuscle, concerned with filtration 
from the plasma, and a renal tubule, concerned with seleaive resorption 
from the filtrate to form the urine. Collecting ducts cany fluid from 
several renal tubules to a temiinal papillary dua, opening into a minor 
calyx ai the apex of a renal papilla (Fig. 91.15A). Papillajry surfaces 
show numerous minute orifices of these duas and pressure on a fresh 
kidney expresses urine from them. 

RENAL CORPUSCLE {Figs 91.16. 9117) 

Renal corpuscles are small rounded struaures averaging cO.2 mm in 
diameter, visible in the renal cortex deep to a narrow peripheral cortical 
zone (Figs 91.15, 91.16). There are one to two million renal corpuscles 
in each kidney, tlieir number deaeasing with age Each has a central 
glomerulus of vessels and a glomerular (Bowinan's] capsule; firom 
which the renal tubule originates. 

Glomerulus 

A glomerulus is a collection of convoluted capillary blood vessels, 
united by a delicate mesangial mauix and supplied by an afferent 
arteriole which enters the citpsulc opposite the urinary pole, where the 
filtrate enters the tubule. An efferent arteriole emerges from the same 
point, the vasailar pole ol' die corpuscle Glomeruli are simple in form 
until late prenatal hfe; some remain so for about 6 months after birth, 
tlie majority maturing by 6 years and all by 12 years (p. 1373}. 

Bowman's capsule (Figs 91.16. 91.18. 91.19. 91.20) 

Bowman's capsule is the blind ccpanded end of a renal tubule, and is 
deeply invaginated by the glomerulus. It i.s lined by a simple squamous 
epithelium on its outer (parietal) wall; its glomemlar. juxtacapillaiy 
(visceral) wall is composed of specialized epithelial podoc>tes. Between 
the two walls of ihc capsule is a flauened urinary space, continuous 
with the proximal convoluted tubule (Figs 91.15B, 91.16). The basal 
lamina of the visceral cap.sular podoc>^ies is shared with that of the 
glomerular endothelium, 

Podoqies surrounding tlie capillar)' loops are stellate cells, whose 
major (primary) foot processes curve around capillaries. These branch 
to form secondan' processes which are applied closely to the basal 
lamina and they, or teriiaiy processes, give rise to the terminal pedicels 
(Figs 91.18. 91.19, 91.20). Pedicels of one cell alternate with those of 
an adjacent cell and interdigitatc tightly with each other. Pedicels are 
separated by narrow (25 nm) gaps, the filtration slits (Figs 91.18, 
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Rg. 91.15 The stnjcturai and functional organization of the kWney. The major structures in the Iddney cortex and medulla (left), the position of cortical and hjxtamedutlary 
nephrons [middle) and the major blood vessels (right). 



31 JO). The latter are covered by a dense, membranous sUt diaphragm, 
through which filtrate must pass to enter the urinary space 

The glomerular endothelium is finely fenestrated. The principal 
barrier to the passage of fluid fi-om capilJary lumen to urinary space is 
the shared endothelial and podocyte basal lamina (Fig. 91.20). This is 
cO.33 Jim thick in man, and is produced by the fusion of endothelial 
and podocyte laminae; it is finely fibrillar and shows three layers. The 
first layer, towards the endothelijil surface, and the third layer are pale- 
staining (lamina rara interna and lamina rara eictcma, respectively); the 
middle layer is dense and fibrous (lamina densa). This arrangement 
differs from basal laminae elsewhere, and reflects its dual origin. The 
glomeiular basal lamina acts as a seleaive filten allowing the passage 
fironi blood, under pressure, of water and various small molecules and 
ions in the circulation. Haemoglobin may aoss the filter, but larger 
molecules and those of similar size with a negative charge, are largely 
retained. Most protein that does enter the filtrate is seleaively resorbed 
and degraded by cells of the proximal convoluted tubule. 

Irregular mesangial cells, with phagocytic and contractile properties, 
lie within the delicate supportive mesangial matik (mesangium) of the 
glomerulus, which they secrete The mesangium is a specialized connec- 
twe tissue which binds the loop of glomerular capillaries and fills the 
spaces between endothelial surfiuxs that are not invested by podocytes 
(Pig. Sfl.lSB]. Mesangial cells are related to vascular pericytes (p. 146) 
and are concerned with the turnover of glomerular basal lamina. They 
dear the glomemlar filter oi e.g. immune complexes and cellular debris. 



and their contractile properties help to regulate blood flow. Similar cells, 
the extraglomerular mesangial (lads) ceils, lie outside the glomerulus at 
the vascular pole and form part of the juxt^omerular apparatus. 

RENAL TUBULE 

A renal or urinifierous tubule consists of a glomerular capsule leading 
into a proximal convoluted tubule, connected to the capsule by a short 
neck which continues into a sinuous or coiled convoluted part (Fig. 
91.15B). This straightens as it approaches the medulla and becomes the 
descending thick limb of the loop of Henle which is connected to the 
ascending limb by an abrupt U-tum. The limbs of the loop of Henle are 
narrower arid thin-walled as they traverse the deeper medullary tissue, 
forming die descending and ascending thin segments. The ascending 
thick limb conrinues into the distal tubule. The tubule wall shows a 
focal thickening, the macula densa, where it comes dose to the vascular 
pole of its parent glomerulus at the start of the convoluted part of the 
distal tubule. The nephron finally straightens once more as the connect- 
ing tubule, which ends by joining a collecring duct. 

Collecting ducts originate in the cortical medullary rays and join 
others at intervals. They finally open into wider papillary ducts which 
open on to a papilla; their numerous orifices form a perforated area 
cribrosa on the surfece at its tip (Fig. 91.15B). 

Renal tubules are lined throughout by a single-layered epithelium 
(Figs 91.15B, 91.16, 91.21). The type of epithelial cell varies according 
to the functional roles of the different regions, eg. active transport and 





Rg, 91.15 {Cont'd] B, The regional mtcrostructure and principal activities of a kidney nephron and collecting duct. For clarity, a nephron of the long loop (juxtamedullary) type 
b shown. 
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Fig. 91,16 A renal corpuscle in the kidney cortex (trichnome-statned). showing 
a glomerulus (centre) within its capsule, enclosing the urinary space [\eft). An 
arteriole containing erythrocytes is seen at the vascular pole of the capsule 
(an-ow), where it Is associated with the nrwcula densa of a distal convoluted 
tubule (DCT, top). The macula densa comprises a group of more closely packed, 
taller cells In part of the DCT wall adjacent to the glomerulus. Profiles 
of proximal convoluted tubules (with brush borders obscuring their lumen) 
are also visible (e.g. top right). (Photogiaph by Kevin Fitzpatride on behalf of 
GKT School of Medicine. London.) 



Rg. 91,17 Renal cortex and medulla. The cortex contains renal corpuscles (RQ, 
renal tubules (T). blood vessels fV), and medullary rays (MR). The medulla 
contains many tubules of the loops of Henle and collecting ducts (CD), 
sectioned in transverse, oblique and longitudinal planes, and Islands of 
capillaries, the vasa recta (VI^ (By permission from Dr JB Ken; Monash 
University, from Kerr JB 1999 Atlas of Functional Histology. London: Mosby.) 



passive diffusion of various ions and v^ater into and out of the tubules; 
reabsorption of organic components such as glucose and amino acids; 
uptake of any proteins which leak through the glomferular filter. 

The proximal convoluted tubule is lined by cuboidal or low columnar 
epithelium and has a brush border of tall microvilli on its luminal 
surface. The shape of the cells depends on tubular fluid pressure, which 
in life distends die lumen and llattens the ceils; their shape becomes 
taller when glomcRiJar blood pressure falls postmortem or at biopsy. 
The cytoplasm of proximal tubular cells is strongly eosinophilic and 
their nuclei are euchromatic and central. By light microscopy their 
bases show faint striations, which ultrastructurally are seen to be due to 
a complex series of infoldings of die basal plasma membrane, between 
which numerous mitochondria are orientated perpendicularly. The 
lateral surfaces of adjacent epithelial cells interdigitate to increase the 
complexity of the basolateral plasma membrane Taking into account 



the microvilli on their luminal surfaces, these cells possess large areas 
of plasma membrane in contaawith tubular fluid and the exiraiubular 
space: this arrangement facilitates the transport of ions and small 
molecules against steep concentration gradients. The obundani 
mitochondria supply the energy, as ATP, needed for iliis process. 
Sodium/potassium adenosine uiphosphatase (Na/K iOTase) is located 
in apical and basal membranes, and the cytoplasm contains numerous 
other enzymes concerned with ion transport. Water and other solutes 
pass between cells (paracellular tfansport) passively along osmotic and 
elearochemical gradients, probably through leaky apical tight junctions. 
Pinocytotic vesicles are found near the apical surface, and represent 
the means by which small proteins and peptides from the filtrate are 
internalized and degraded by associated lysosomes. Peroxisomes and 
lipid droplets abound in the cytoplasm. 

The loop of Henle consists of a thin segment {c.30 um in diameter), 
lined by low cuboidal to squamous cells, and a thick segment {c.60 
in diameter) composed of cuboidal ceils like those in the distal 
convoluted tubule. The thin segment fonns most of the loop 
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Fig. 91.18 Scanning electron micrograph showing podocytes forming the visceral 
layer of Bowman's capsule in the renal corpuscle. Podocyte cell bodies (P) send 
out primary processes which branch several times to end in fine pedicels which 
wrap tightly around the glomerular capillaries (C). inter digitating with similar 
pedicels from a neighbouring podocyte. The pedicels and their underJying 
basal lamina form an important part of the glomerular filtration apparatus. 
(By permission of Igaku-Shoin. from Fujita T, Tanaica K, Tokunaga j 1981 SEM Atlas 
of Cells and Tissues. Vol 3.) 



juxtameduilaiy nephrons which reach deep into the medulla, l-ew 
organelles appear in cells lining the thin segment, indicating iliat these 
cells play a passive, rather than an aaive, role in ion transport. The thick 
segmem is composed of cuboidal epithelium with many mitochondria, 
deep basoiaieral folds and short apical micro^nlli, indicating a more 
active metabolic role. Tlie thick limb of the loop of Henle is the source 
of Tamm-Horsfall protein in normal urine. 



Cells of the disul tubule are cuboidal and resemble tho.<;e in the 
proximal tubule. They have few miaovilli. and so the tubular lumen has 
a more distina outline. The basolaierai folds containing mitochondria 
are deep, almost reaching the luminal aspert (Fig. D1.15B). Enzymes 
concerned in aaive transport of sodium, potassium and other ions 
are abundant At the junction of the straight and convoluted regions 
the distal tubule comes dose to the vascular pole of its parent renal 
corpuscle. Here, tubular cells form a sensory struauie, the macula densa, 
which is concerned with the regulation of blood flow and thus filtration 
rate. Cells in the terminal part of the distal tubule have fewer basal 
folds and mitochondria and constitute a connecting dua formed from 
metanephric mesenchyme during embryogenesis. Collecting ducts are 
lined by simple cuboidal or columnar epithelium, which increases in 
height from the cortex, where they receive the contents of distal tubules, 
to the wide papillary ducts which discharge at the area cribrosa. The 
pale-staining principal cells have relatively few organelles or lateral 
interdigitations and only occasional microvilli. A second cell type, 
intercalated or dark cells (also present in smaller numbers in the distal 
convoluted tubule), have longer miaovilli and more mitochondria. 
These secrete H" into the filtrate and function in the maintenance of 
add-base homeostasis. 

PRODUCTION OF URINE (Fig. 91.22) 
Glomerular filtration 

Glomerular filtration is the passage of water containing dissolved small 
molecules from the blood plasma to the urinary space in the glomerular 
capsule. Larger molecules, e.g. plasma proteins above c.70 kilodaltons 
and those with a net negative charge* polysaccharides and lipids, arc 
largely reuined in blood by the selective permeability of the glomerular 
basal lamina. 

Filtration occurs along a steep pressure gradient between the large 
glomerular capillaries and the urinary space, the principal struaure 
. separating the two being the glomerular basal lamina. This gradient 
far exceeds the colloid osmotic pressure of blood which opposes the 
outward flow of filtrate. In the peripheral renal cortex the arteriolar 
pressure gradient is enhanced by the higher calibre of afferent, compared 




Fig. 91.19 Capillary loops (C) of the renal 
glomerulus; one profile contains an electron- 
dense erythrocyte. Capillaries are lined by a 
fenestrated endothelium (F) and endothelial cell 
nuclei (E) are seen bulging into the capillary 
lumina. The nuclei of several epithelial 
podocytes (P) of the visceral layer of Bowman's 
capsule can be seen. Their primary processes (P,) 
give rise to numerous secondary foot processes 
(Pj) and these, or tertiary processes, rest on the 
glomerular basal lamina (BL). A n>esangial stalk Is 
shown at the top right, comprising mcsangial 
cells (M) and a dense mesangial matrix (MM), 
which supports the capillary loops. The 
mesangium is separated from the capillary 
lumen only by the endothelial cell cytoplasm, 
whereas the podocytes and their basal laminae 
continue around the mesangial stalk and 
separate it from the urinary (Bowman's) space 
(BS), which ramifies throughout the glomenilus. 
Part of the outer parietal layer of Bowman's 
capsule (BC) is seen to the left. (By pemr^bsion 
from Young B. Heath JW 20O0 Wheater '$ 
Functional Histology. Edinburgh: Churchill 
Livingstorte.) 




Fig. nitration apparatus of the renal 
corpuscle, formed by the fenestrated capillary 
endothelial cells, the filtration slits between 
podocyte pedicels and their thick, shared basal 
lamina. Bl, basal lamina; C. capillary bops; 
E, endothelial cell cytoplasm; F, fenestrations; 
P, podocyte, P,, primary processes and Pj, 
secondary foot processes which rest on the 
glomerular basal lamella. (By permission 
from Young 6. Heath jW 2000 Wheaters 
Functional Histology. Edinburgh: Churchill 
Livingstone.) 




Fig. 91.21 Part of the renal medulla {trichrome stained) In cross^^sectiort Note 
large collecting ducts and small thin segments of the loop of Henle, interspersed 
with vasa recta (V). 



With eflfcrent glomeruJar arterioles. In all gJotnenili the rate of filtration 
can be altered by changes in the tone of the glomerular anerioles. When 
first formed, the glomerular filtrate is isotonic with glomerular blood 
and has an identical concentration of ions and small molecules. 

Selective resorption 

Selective resorption from the filtrate is an active process and occurs 
mainly in the proximal convoluted tubules, which resorb glucose amino 
adds, phosphate, chloride, sodium, calcium and bicarbonate; they also 
take up small proteins by endocytosis. Cells of the proximal tubules are 
permeable to water, which passes out of the tubules passively, so that 
the filtrate remains locally isotonic with blood. The rest of the mbule 
reabsorbs most of the water (variable, but up to 95%). such that when 
it reaches the calyces, urine is generally much reduced in volume and 
hypertonic to blood. This depends on the establishment of high 
osmolality in the medullary interstitium, which exerts considerable 
osmotic pressure on water-permeable regions of the tubule (Fig, 31.22). 

Countercurrent muttipUer mechanism 

The countercurrent multiplier mechanism is responsible for producing 
a high osmolality in the extratubular interstitial tissue of the renal 
medulla. Water passes freely from the tubular lumen into the adjacent 
medullary intersddum along, the descending limb of the loop of HenJe. 
This part of the tubule is less permeable to solutes. In the ihicic segment 
of the ascending limb, sodium and chloride ions are acuvely transported 



from the tubule lumen to interstitial spaces, whilst the tubular epithelium 
remains impermeable to water. The increased interstitial osmolality 
causes water to be withdrawn from the descending part of the loop, 
thus concentrating the filtrate. Tubular fluid flows in a countercurrent 
on its descent into and ascent out of the medulla: it is augmented by 
new isotonic fluid entering the loop and depleted by hypotonic fluid 
leaving the loop, as solutes are actively resorbed. 

In this way the osmotic gradient within the interstitium is 
multiplied from the corticomedullary boundary to the medullary 
pyramids, where it reaches an equilibrium of foiu: to five times the 
osmolality of plasma. Urea contributes c50% of the medullary osmotic 
strength, mainly contributed passively by the medullary pan of the 
collecting ducts. These are generally highly permeable to urea, and 
permeability is enhanced by antidiuretic hormone (ADH. vasopressin). 
Although: the tonicity of the tubular fluid changes during its passage 
through the steep osmotic gradient within the medulla, the osmotic 
gradient between ascending and descending limbs at each level never 
exceeds 200 mOsra/kg, a force which can be sustained by the cells of 
the tubular wall. 

Countercurrent exchange mechanism (Rg. 91.13B) 
Rapid removal of ions fix)m the renal medulla by the circulation of blood 
is minimized by another looped countercurrent system. This is the 
countercurrent exchange mechanism, in which arterioles entering the 
medulla pass for long distances parallel to the venules leaving it, before 
ending in capillary beds around tubules. This close apposition of 
oppositely flowing blood allows the direa diffusion of ions from out- 
flowing to inflowing blood, so that the vasa recta (Figs 91.13, 91.15A) 
conserve the high osmotic pressure in the medulla. 

Concentratior} of urine 

Because sodium and chloride ions are selectively resorbed by the cells 
of the ascending limbs and distal tubules under aldosterone control 
(p. 1247), the filtrate at the distal end of the convoluted tubules is hypo- 
tonic. As it reaches the collecting ducts, fluid descends again through 
the medulla and thus re-enters a region of high osmotic pressure. The 
cells lining the coUecting ducts are variably permeable to water, under 
the influence of neurohypophyseal ADH. Water follows an osmotic 
gradient into the adjacent extratubular spaces, so that the tonicity of the 
filtrate gradually rises along collecting ducts, until at the dp of the renal 
pyramids it is above that of blood. As much as 95% of water in the 
original glomerular filtrate is thus resorbed into blood. This comply 
system is highly flexible and the balance between the rate of filtration 
and absorption can be varied to meet current physiological demands. 

Control of hydrogen and ammonium ion cdnccntrations is essential 
to the regulation of adds and bases in the blood; seaction of vanous 
ions occurs at several sites. Over 91% of ingested potassitim is excreted 
in urine; largely through secretion by cells of the distal tubule and 
coUecdng dua. For further details of renal phvsiology see Davics el al 
2001, 




Rg. 91 J2 "pie inter-relationships between the countercurrent multipHer and exchange mechanisms which operate in the renal medulla. The movements of ions and water 
and the action of antidiuretic hormone (ADH) are indicated For further details see text (By permission from Stevens A. Lowe JS 1996 Human Histoloey, 2nd edn. London: 
Mosby.) 



JUXTAGLOMERULAR APPARATUS 

"Hie juxtaglomerular apparatus provides a tubuloglomerular feedback 
system which maintains systemic arterial blood pressure during a reduc- 
tion in vascular volume and decrease in filtration rate. Hie afferent and 
. efferent arterioles at the vascular pole of a glomerulus and the macula 
: densa of the distal tubule of the same nephron lie in dose proximity, 
enclosing a small cone of tissue populated by extraglomerular mesangial 
(lads) cells (Fig. 91.15B}. The cells of the tunica media of the afferent 
and, to a lesser extent efferent, arterioles differ from typical smooth 
^ muscle cells. They -are large, rounded myoepithelioid cells and their 
cytoplasm contains many mitochondria and dense, renin-containing 
vesicles, 10-40 nm in diameter. These juxtaglomerular cells form one 
element of the juxtaglomerular apparatus, 
i; The second element of tlie juxtaglomerular apparatus is the sensory 
component, the macula densa of the distal tubule. Up to 40 cells in the 
i., tubule wall form a cluster of tallet more tightly packed cells with large, 
oval nuclei (Fig. 91.16). Their mitochondria are concentrated apically. 
i; Macula densa cells are osmoreceptors, sensing the NaQ content of die 
h. filtrate after its passage through the loop of Henle. When NaCl concen- 
^Jy trations in the filtrate change, tubuloglomerular feedback mechanisms 
p operate lo maintain the inverse relationship between salt concentration 
ij. and glomerular filtration rate. Juxtaglomerular cells release renin, an 
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enzyme which acts on circulating angiotensinogen (a liver protein) to 
activate the cascade whereby angiotensin 11 increases blood pressure 
(and therefore filtration rate), stimulates aldosterone and ADH release 
and inaeases sodium ion and water resorption, primarily from the 
dista) tubul<» to increase plasma volume. Macula densa cells are thought 
to respond to high salt concentration in the distal tubule by releasing 
nitric oxide, which inhibits the tubuloglomerular feedback response and 
reduces filtration rate. The role of macula densa cells in the stimulation 
of renin release to increase filtration rate is less well understood. 

The third element of the juxtaglomerular apparatus is a population 
of extraglomerular mesangial cells which form a network (or lace, hence 
their alternative name of lacis cells) of siellate cells connecting the 
macula densa sensory cells with the juxtaglomerular effeaor cells. It is 
likely that extraglomerular mesangial cells u-ansmit the sensory signal, 
possibly through gap junrtions. They may also signal to contractile 
glomerular mesangial cells and effect vasoconstriction directly within 
the glomerulus. Adrenergic neive fibres occur in small numbers among 
these cells. 

RENAL CALYCES AND PELVIS 

The wall of the proximal pan of the urinar>' tract is composed of U^ree 
layers, an outer connective tissue adveniitia, an intermediate layer of 



smooth muscle and an inner mucosa. The mucosal lining of the renal 
calyces and pelvis is identical in structure to that of the ureter (p. 1288) 
and will not be considered further here. The adventltia consists of loose 
fibroelastic connective tissue which merges with retroperitoneal areolar 
tissue. Proximally the coat fuses with the fibrous capsule of the kidney 
lining the renal sinus. 

The smooth mxiscle of the renal calyces and pelvis is composed of 
two distina types of smooth muscle cell. One type of musde cell is 
identical to that described for the ureter and can be traced proximally 
through the pelviureteric region and renal pelvis as fiar as the minor 
calyces. The other type of cell forms.ihe muscle coat of each minor calyx 
and continues into the major calyces and pelvis where it forms a distinct 
inner layer. The cells also form a thin sheet of muscle which covers each 
minor calyx and extends aaoss the renal parenchyma between the 
attachments of neighbouring minor calyces^ thereby linking each minor 



calyx to its neighbours. This discrete inner layer of atypical smooth 
musde ceases in the pelviureteric region so that the proximal ureter 
lacks such an inner layer. Pacemaker cells that initiate renal pelvic and 
ureteric peristalsis are sited within the calyces. These allow coordinated 
peristalsis of the ureter c.6 .times a minute. 

OTHER RENAL CSllS 

Other cells essential to renal stnjcture and function lie between the 
renal tubules and blood vessels. Connective tissue is inconspicuous in 
the cortex but prominent in the medulla, particularly in the papillae 
Medullary interstitial cells, which may be modified fibroblasts, form 
vertical snacks of tang^nrially orientated cells between the more distal 
collecting ducts, like the rungs of a ladder. These cells seaetc prosta- 
glandins and may contribute, with cortical tubular cells, to the renal 
source of eiythropoierin. 
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The ureiers are musoiJar lubes whose perisialiic conuaaions convey 
urine from the kidneys to the urinary bladder (Fig. 02.1). Each measures 
25-30 cm in length and is thick-vsTalled, narrow, and continuous 
superiorly with the funnel-shaped renal pelvis. Each descends sUghily 
rnedially anterior lo psoas major, and enters the pelvic cavity where it 
curves laterally, then medially as it runs down to open into the base of 
the urinary bladder Its diameter is c3 mm but is slightly less at its 
junaion with the renal pelvis, at the brim of the lesser pelvis near the 
medial border of psoas major, and where it runs within the wall of the 
urinary bladder, which is its narrowest part. These are the commonest 
sites for renal stone impaction. The renal pelvis has already been 
described (p. 1274). 

RELATIONS (Fig 9i2) 

In the abdomen the ureter descends posterior to the peritoneum on 
the medial part of psoas major; which separates it from the tips of 
he lumbar transverse processes. During surgery on intraperitoneal 
siaiaures, the ureter can be tented up as the peritoneum is drawn 
anteriorly, resulting in inadvertent ureteric injury. Anterior to psoas major 
it CTOsses in front of the genitofemoral nerve and is obliquely crossed by 
the gonadal vessels. It enters the lesser pelvis anterior to either the end 
of the common iliac or the start of the external iliac vessels. 

The inferior vena cava is medial to the ri^t ureter while the left 
ureter is lateral to the aona. The inferior mesenteric vein has a long 
reuoperitoneal course lying dose to the medial aspea of the left ureter. 

At its origin the right ureter is usually overlapped by the descending 
pan of the duodenum. It descends lateral to the inferior vena cava, and 
is crossed anteriorly by the right colic and ileocolic vessels. Near the 
superior aperture of the lesser pelvis it passes behind the lower pan of 
the mesentery and terminal ileum. The left ureter is crossed by the 
gonadal and left colic vessels (Fig. 92.3). It passes posterior to loops of 
jejunum and sigmoid colon and its mesentery in the posterior wall of 
the intersigmoid recess. 

In the pelvis the ureter lies in extraperitoneal areolar tissue. At first 
it descends posterolaterally on the lateral wall of the lesser pelvis along 
the anterior border of the greater sciatic notch. Opposite the ischial 
spine it turns anteromedially into fibrous adipose tissue above levator 
ani to reach the base of the bladder. On the pelvic wall it is anterior to 
the internal iliac aneiy and the beginning of its anterior trunk, posterior 
to which are the internal iliac vein, lumbosacral nerve and saaoiliac 
joint. Laterally it lies on die fascia of obturator intcmus. It progressively 
CTosses to become medial to the umbilical, inferior vesical, and middle 
rectal aneries. 

In males (Fig. 92.2), the pelvic ureter hooks under the vas deferens 
(Fig. 98.1), then passes in front of and slightly above the upper pole of 
the seminal vesicle to traverse the bladder ,waU obliquely before 
opening at the ipsilateral trigonal angle (Fig. 98.2). Its terminal pan is 
surrounded by tributaries of the vesical veins. In females, the pelvic pan 
at first has the same relations as in males, but anterior to the internal 
iliac artery it is immediately behind the ovary, forming the posterior 
boimdary of the ovarian fossa (p. 1321 ). In the anieroihedial part of its 
course to the bladder it is related to the uterine anery, uterine cervix and 
vaginal fomices. It is in extraperitoneal connective tissue in the infero- 
medial pan of die broad ligament of the uterus where it may be damaged 
during hystereaomy. In the broad ligament the uterine anery is 
anterosupertor to the ureter for 2.5 cm and then crosses to its medial 
side to ascend alongside the uterus. The ureter mrns forwards slightly 
above the lateral vaginal fornix and is generally 2 cm lateral to the supra- 
vaginal part of the uterine cervix in this location. It then inclines 
medially to reach the bladdei; with a variable relation to the firont of the 



vagina. As the utems is commonly deviated to one side, one uretet 
usually the Icfu may be more extensivdy apposed to the vagina, and 
may. cross the midline. 

ITie distal 3 -2 cm of each ureter is surrounded by an incomplete 
collar of non-striated muscle, which forms a sheath (of Waldeyer). The 
ureiers pierce the posterior aspea of the bladder and run obliquely 
through its wall for a distance of 1 .5-2.0 cm before terminating at the 
ureteric orifices. Ttiis arrangement is believed to assist in the prevention 
of reflux of urine into the ureter, since the intramural ureters arc 
thought to be occluded dtuing increases in bladder pressure. There is no 
evidence of a classic ureteral sphinacr mechanism in man. TTie longi- 
tudinally oriented muscle bundles of the terminal ureter continue into 
the bladder wall and at the ureteric orifices become continuous with the 
superficial trigonal muscle. In the distended bladder; in both sexes, the 
ureteric openings arc c5 cm apart and c.2.5 cm apart when the bladder 
is empty. 

Duplex ureters - In 1 in 125 individuals, two ureters drain the renal 
pelvis on one side; this is termed a duplex system. Bilateral duplex 
ureters occur in cl in 800 cases. The duplex ureters derive from two 
ureteric buds arising from the mesonephric dua. They are contained in 
a single fascial sheath and may ftise at any pomt along their course or 
may be separate until they insen through separate ureteric orifices into 
the bladder. Care must be taken not to compromise the blood supply 
of the second ureter when excising or reimplanting a single ureter of a 
duplex- 

The ureter from the upper pole of the kidney (the longer ureter) 
inserts more medially and caudally in the bladder than the ureter from 
the lower pole (the shoner ureter). This reflects their embryological 
development: the ureteric bud which is initially more proximal on the 
mesonephric dua has a shoner time to be pulled cranially in the 
bladder and so it inserts more distally in the mature bladder. The ureter 
from the lower pole has a shorter intramural course than the longer 
ureter and is prone to reflux. 

Ectopic ureters - Single ureters and more commonly the longer ureter 
of a duplex system can insen more caudally and medially than normal 
in some individuals. In die male the ureter can insert at the bladder 
neck or posterior urethra, or rarely into the seminal vesicle, but it always 
inserts cranial to the external urethral sphinaer. In the female, eaopic 
insertion can be distal lo the external urethral sphinaer in the urethra, 
or into the vagina, resulting in persistent childhood incontinence, 

Uretoroceles - A ureterocele is a cystic dilatation of the lower end of the 
ureter the ureteric orifice is covered by a membrane which expands as 
it is filled with urine and then deflates as it empties. Uretoroceles can 
vary in size with resultant obstructive Isack pressure' changes seen in 
the ureter and pelvicalyceal system proximally. They u.sually do not 
cause bladder outflow obstrurtion except for the rare prolapsing 
uretorocele. Prolapsing ureteroceles, ihou^ small, prolapse from their 
position around the uretero-vesical junction region in to the urethra, 
causing intermitieni bladder outflow obstmaion. They are identified 
ancenatally with ultrasound and can result in obstmction to the ureter. 
In adults uretoroceles tend to be bilateral and small. They can produce 
obstruction to- the ureter but commonly produce no clinical 
manifestations. 

Retrocaval ur^r - A persistence of the posterior cardinal vein, 
associated v4th high confluence of the right and left common iliac 
veins or a double inferior vena cava, may result a retrocaval ureter 1285 
which passes behind the iiiferior vena cava before it emerges in front of 
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Rg. 92^ Relations of lower right ureter in male. {By permission from Wilsh PC Retik AB, Vaughan ED et al (eds) 2002 Campbell's Urology, 8th edn. Philadelphia: Saunders.) 



it to pass from medial to lateral. Reiroca\'al ureter occurs in cl in 1500 
individuals. Most commonly it has no clinical sequelae although it can 
'f: lestilt in upper ureteric obstruction. 

rVASCULAR SUPPLY AND LYMPHATIC 
DRAINAGE 

ARTERIES AND VEINS (Fig. 92.3) 

The ureter is supplied by branches from the renal, gonadal, common 
iliac, internal iliac, vesical and uterine arteries and the abdominal aorta. 
The pattern of distribution is subject to much variation. There is a good 
longitudinal anastomosis between these branches on the wall of the 
ureter, which means that the ureter can be safely transeaed at any level 
iniraoperativeJy, and a uretero-urcterostomy performed, withotit com- 
promising its viability. The branches firom the inferior vesical artery arc 
constant in their ocainence and supply the lower part of the ureter as 
Well as a large part of the trigone of the bladder. The branch from the 
renal artery is also constant and is presented whenever possible in renal 
transplantation to ensure good vascularity of the ureter. The venous 
drainage generally follows the arterial supply. 

: LYMPHATIC DRAINAGE 

L. Lymph vessels beg^n in submucosal intramuscular and adventitial 
plexuses, which all communicate Colleaing vessels from the upper 
yureter may join the renal collecting vessels or pass directly to the lateral 
i.aoTtic nodes near the origin of the gonadal artery; those from its lower 
' abdominal part go to the common iliac nodes; and those from its pelvic 
vpart end in the common, external or internal iliac nodes. 



INNERVATION 

The ureter is supplied from the lower three thoracic first lumbar, and 
the second to fourth sacral segments of the spinal cord by branches 
from the renal and aortic plexuses, and the superior and inferior hypo- 
gastric plexuses. The ureteric nerves consist of relatively large bundles of 
axons which form an irregular plexus in the adventitia of the ureter. 
Ntimerotis smaller branches penetrate the ureteric rotrsde coat. Some of 
the adventitial nerves accompany the blood vessels and branch with 
them as they extend into the musde layer. Others are imrelated to the 
vascular supply and lie free in the adventitial connective tissue around 
the circumference of the ureter. There is a gradual increase in innervarion 
from the renal pelvis and upper ureter (which has a sparse distribution 
of autonomic nerves) to a maximum density in the juxtavesical segment 
TJicrc are at least three different phenotypes: cholinergic noradrenergic 
and peptidergic (substance V). Other neurotransmitters also exist, so 
the control mechanisms are likely to be complex. The functional signifi- 
cance of these different types of autonomic nerve fibres in relation to 
ureteric smooth muscle activity is not fully understood however; it is. 
recognized that nerves are not &<ffiential for the initiation and propagation 
of ureteric contraaion waves. 

A branching plexus of fine axons occurs within the lamina propria 
and extends from the inner aspect of the muscle coat towards the base 
of the urothelium. These axons are cholinergic and, while some form 
perivascular plexuses, others lie in isolation from the vascular supply. 
A similar distribution of noradrenergic and peptidergic nerves has been 
observed throughout the lamina propria. The functional significance of 
these nerves, which are not related to blood vessels, remains unclear, but 
it seems probable that at least some of them are sensory in function. 
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Fig. 923 Course of the left ureter, showing how the proximal part takes its 
blood supply medially, and the distal part is Supplied lateral^. (By permission 
from Walsh PC, Rctik AB, Vaughan ED et al (eds) 2002 Campbeirs Urology. 
Bth eda Phltadeiphia: Saunders.) 



REFERRED PAIN 

Excessive distension of the ureter or spasm of iis muscle may be caused 
by a stone (calculus) and provokes severe pain (ureteric colic, which is 
commonly, but mistakenly; called renal colic). The pain, spasmodic 
and agonizing, particularly if the obstruction is gradually forced down 
the ureter by the muscle spasm, is referred to cutaneous areas innervated 
from spinal segments which supply the ureter, mainly T11-L2, It shoots 
down and forwards from the loin to the groin and scrotum or labium 
majus and may extend into the proximal anterior aspea of the thigh by 
projection to the genitofemoral nerve (LI, 2). The cremastexi which has 
the same innervation, may reQexly retiaa the testis. 

MICROSTRUCTURE 

The wall of the ureter is composed of an external adventitia, a smooth 
musde layer and an inner mucosal layer (Fig. 92.4). The last consists of 
the urothelium and an underlying connective tissue lamina propria. 

The ureteric adventitial blood vessels and connective tissue fibres are 
orientated parallel to the long axis of the ureter. Throughout its length, 
the muscle coat of the ureter is fairly uniform in thickness and in cross- 
section measures c.750-800 in width. The muscle bundles which 
constitute this coat are frequently separated from one another by 
relatively laige amounts of connective tissue. However, branches which 
interconnect musde bundles are common and there is frequent Inter- 
change of musde fibres between adjacent bundles. As a consequence of 
this extensive branching, individual musde bundles do not spiral around 
the ureter, but form a complex meshwork of interweaving bundles. 
In addition, unlike the gut (Chapter 72), the musde bundles are so 



Rg. 914 Transverse section of ureter. The walls are muscular and are lined by a 
specialized urothelium. (By permission from Stevens A, Lowe 1996 Human 
Histology, 2nd edn. London: Mosby.) 



arranged that morphologicaUy disdnct longitudinal and circular layers 
cannot be dearly distinguished. In the upper part of the ureter, the inner 
musde bundles tend to lie longitudinally while those on the outer 
aspect have a drcular or oblique orientation. In its middle and lower 
parts, there are additional outer longitudinally orientated fibres. As 
the ureterovesical junction is approached, the musde coat consists 
predominantly of longitudinally orientated musde bundles. 

The mucosa of the ureter consists of an epithelium, the urothelium, 
on the deep aspea of which is a layer of subepithelial fibroelastic 
connective tissue lamina propria. The latter varies in thickness from 
350-700 ptm and is a conduit for small blood vessels and bundles of 
non-myelinated nerve fibres. Occasional lymphocytes may be present 
in the lamina propria but their aggregation into definitive lymph nodules 
is rare. The urothelium is usually extensively folded, giving die ureteric 
lumen a stellate outline. 



URETERIC PERISTALSIS 

Under normal conditions contraction waves originate in the proximal 
part of the upper urinary tiaa and are propagated in an anterograde 
direction towards the bladder. Atypical smooth muscle cells In the wall 
of the minor calyces aa individually or colleaively as pacemaker sites, 
A peristaltic wave begins at one (or possibly more) of these sites. Once 
initiated, the contraction is propagated through die wall of the adjacent 
major calyx and activates the smooth musde of the renal pelvis. Con- 
uaction waves are propagated away from the kidney, and so undesirable 
pressure rises are not directed against the renal parenchyma. Since 
several potential pacemaker sites exist the initiation of contraction 
waves is unimpaired by partial nephrectomy: the minor calyces spared 
by the resection remain in situ to continue their pacemaking function. 

Experimental evidence indicates that autoriomic liervcs do not play 
a major pan in die propagation of peristalsis. It seems more likely that 
they play a modulatory role on the contractile events occurring in the 
musculature of the upper urinary tract The most likely mechanism to 
account for impulse propagation is myogenic conduction as a result of 
die elecirotonic coupling of one musde cell to its immediate neighbours 
by means of intercellular 'gap' junaions. There are numerous regions of 
dose approach between ureteric smooth musde cells and also between 
both types of musde cell in the renal pelvis and calyces. It is therefore 
reasonable to assume that in the upper urinary traa this type of inter- 
cellular junction may be responsible for the conduction of €xdtatii>n 
from one myocyte to the next. 
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The urinary bladder is a reservoir (Figs 93.1, 93.2, 98.1). It varies in 
size, shape, position and relations, according to iis content and the state 
of neighbouring viscera. When empty, it lies entiiely in the lesser pelvis 
but as it distends il expands anterosuperiorly into the abdominal cavity. 
When empty, il is somewhat tetrahedral and has a base (fundus), neck, 
apex, a superior and two inferolateral surfaces. 

The base (fundus) of the bladder is triangular and posieioinferior. 
In females it is closely related lo the anterior vaginal wall (Fig. 102.1); 
in males it is related to the reaum although it is separated from it above 
by tlie reaovesicaJ pouch and below by the seminal veside and vas 
deferens on each side (Figs 93.2, 98.1). In a triangular area between 
the vasa deferentia, the bladder and rectum are separated only by 
reaovesical fasda, commonly known as Denonviliier's fasda. The 
inferior part of this area may be obliterated by approximation of the 
ampullae of the vas deferens above the prostate. 

The neck is the lowest region and is also the most fixed. It is 3-4 cm 
behind the lower part of the symphysis pubis, which is a little above the 
plane of the inferior aperture of the lesser pelvis. The bladder neck is 
the inlcmal urethral orifice and alters little in position with varying 
conditions of the bladder and reaum. In males the neck rests on, and 
is in direa continuity with, the base of the prostate; in females it is 
related to the pelvic fasda, which surrounds the upper urethra. 

TTie vesical apex in both sexes faces towards the upper part of the 
symphysis pubis. The median umbilical ligament (virachus. Fig. 109.1) 



ascends behind the anterior abdominal wall from the apex to the 
umbilicus, covered by peritoneum to form the median umbilical fold. 

The triangular superior surface is boujided by lateral borders from 
the apex to the ureteric entrances and by a posterior border , which joins 
them. In males the superior surface is completely covered by peritoneum, 
which extends slightiy onto the base and continues posteriorly into 
the reaovesical pouch and anteriorly into the median umbilical fold 
(p. 1133). It is in contaa with the sigmoid colon and the terminal coils 
of the ileum. In females the superior surface is largely covered by perito- 
neum, which is refleaed posterioriy onto the uterus at the level of the 
interna] os (i.e, the junaion of the uterine body and cervix), to form the 
vesicouterine pouch. The posterior pan of the superior surface, devoid 
of peritoneum, is separaied from the supravaginal cervix by fibroareolar 
tissue (p. 1133). 

In males, each inferolateral surface is separated anteriorly from the 
pubis and puboprostatic ligaments by the (potential) retropubic space. 
In females the relations are similar, except that the pubovesical liga- 
ments replace the puboprostatic ligaments. The inferolateral surfaces 
are not covered by peritoneum. 

As the bladder fills it becomes ovoid. In front it displaces the parietal 
peritoneum from the suprapubic region of the abdominal wall. Its 
inferolateral surfaces become anterior and rest against the abdominal 
wall without intervening peritoneum for a distance above the symphysis 
pubis which varies with the degree of distension, but is commonly 




Fig. 93.1 Median sagittal section to show male internal and external genitalia, 
bladder. A number of structures [e^. obturator vessels, ureter) are only faintly 

visible through the overlying peritoneum. Fig. 91JZ Anterior aspect of the interior of the urinary bladder. 
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5-7 cm. The distended bladder may be jninctured just above the 
symphysis pubis without uaversing the peritoneum (suprapubic 
cystostomy): surgical access to the bladder through the anterior 
abdominal wall is usually by this route. The summit of the full bladder 
points up and forwards above the attachment of die median umbilical 
ligament, so that the peritoneum forots a supravesical recess of varying 
depth between the summit and the anterior abdominal wall: this recess 
often contains coils of small intestine. A distended bladder may be 
ruptured in lower abdominal or pelvic injuries, either exuaperitoaeally 
or, if the superior surface is involved, with tearing of the peritoneum 
and escape of urine into the peritoneal cavity. 

At birth, the bladder is relatively higher than in the adult and the 
internal urethral orifice is level with the upper symphyseal border. The 
bladder is then abdominal rather than pelvic and extends about two- 
thirds of the distance towards the umbilicus. Urine samples may there- 
fore be obtained in children by performing suprapubic needle puncture 
The bladder progressively descends, and reaches the adult position 
shortly after puberty. 

Congenital abnormalities of the bladder are described on page 1379. 



LIGAMENTS OF BLADDER (Fig 69.9) 

The bladder is anchored inferiorly by condensations of pelvic fascia 
which attach it to the pubis, lateral pelvic side-walls, and recmm. 

In both sexes stout bands of fibromuscular tissue extend from the 
bladder neck to the inferior aspea of the pubic bones. These structures 
are the pubovesical ligaments. They constitute the superior extensions 
of the pubourethral ligaments in the female or the puboprostatic 
ligaments in the male. The pubovesical ligaments lie on each side of the 
median plane, leaving a midline hiatus through which numerous small 
veins pass. A number of other so-called ligaments have been described 
in relation to the base of the urinary bladder. The reflections of the 
peritoneum from the bladder to the side-walls of the pelvis form the 
lateral ligaments, and the sacrogenital folds constitute the posterior 
ligaments: they are not true ligaments, but condensations of connective 
tissue around the major neurovascular structures. They are described as 
ligaments in routine clinical use. 

The apex of the bladder is coimeaed to the umbilicus by the 
remains of the urachus, which forms the median umbilical ligament. 
The lumen of the lower part of the urachus may persist throughout life 
and communicate with the cavity of the bladder. From the superior 
surface of the bladder the peritoneum is carried off in a series of folds, 
the 'false' ligaments of the bladder. Anteriorly there are three folds, the 
median umbilical fold over the median umbilical ligament and two 
medial umbilical folds over the obliterated umbilical arteries. 



BLADDER INTERIOR 

VESICAL MUCOSA (Fig. 93.2) 

The vesical mucosa is attached only loosely to subjacent muscle for the 
most part it folds when the bladder empties, and the folds are effaced 
as it fills. Over the trigone, immediately above and behind the internal 
urethral orifice, it is adherent to the subjacent muscle layer and always 
smooth (Fig. 93.2). The anteroinferior angle of the trigone is formed 
by the internal urethral orifice, its posterolateral angles by the ureteric 
orifices. The superior trigonal boundary is a slightly curved interureteric 
CTest, which connects the two ureteric orifices and is produced by the 
continuation into the vesical wall of the ureteric internal longitudinal 
muscle. Laterally this ridge extends beyond the ureteric openings as 
ureteric folds, produced by the terminal parts of the ureters which mn 
obliquely through the bladder wall. At cystoscopy the interureteric crest 
appears as a pale band and is a guide to the ureteric orifices in 
catheterization. 

TRIGONE 

The smooth muscle of the trigone consists of two distinct layers, some- 
times termed the superficial and deep trigonal muscles. The latter is 
composed of muscle cells, indistinguishable from those of the detrusor, 
and is simply the posteroirtferior portion of the detrusor muscle proper. 
Confusion might be avoided if the term deep trigonal muscle was 
abandoned in favour of the more accurate term trigonal detrusor muscle. 
The superficial trigonal muscle represents a morphologically distinct 



component of the trigone, which, unlike the detrusor, is composed 
of relatively small diameter muscle btxndles continuous proximally 
with those of the intramural ureters. The superficial trigonal muscle is 
relatively thin but is generally described as becoming thickened along 
its superior border to form the interureteric crest. Similar thickenings 
occur along the lateral edges of the superficial trigone In both sexes the 
superficial trigone muscle becomes continuous with the smooth muscle 
of the proximal urethra, and extends in the male along the urethral crest 
as far as the openings of die ejaculatory ducts. 

URETERIC ORIFICES 

The slit-like ureteric orifices are placed at the posterolateral trigonal 
angles (Fig. 93.2). In empty bladders they are c2.5 an apart, and c2.5 cm 
from the internal urethral orifice; in distension diese measurements 
may be doubled. 

INTERNAL URETHRAL ORIFICE 

The internal urethral orifice is sited at the trigonal apex, the lowest pan 
of the bladder, and is usually somewhat acscentic in seaion. There is 
often an elevation immediately behind it in adult males (partioilarly 
past middle age) which is caused by the median prostatic Lobe; some- 
timies known as the uvula of the bladder. 



BLADDER NECK 

The smooth musde of the bladder neck is histologically, histochemically 
and pharmacologically distlna from the detrusor musde proper and so 
the bladder neck should be considered as a separate functional unit 
The arrangement of smooth musde in this region is quite different in 
males and females, and therefore each sex will be described separately. 

FEMALE 

The female bladder neck corisists of morphologically distina smooth 
muscle. The large diameter fasdculi charaaeristic of the detrusor are 
replaced in die region of the bladder neck by sroall diameter fasdculi 
which extend obliquely or longitudinally into the urethral wall. 

In the normal female the bladder neck sits above the pelvic floor 
supported predominantiy by the pubovesical ligaments, the endopelvic 
fasda of the pelvic floor and levator ani. These suppon the urethra 
at rest; with elevated intra-abdominal pressure the levators contract 
increasing urethral dosure pressure to maintain continence This 
anatomical arrangement conunonly alters after parturidon and with 
increasing ag^ such that the bladder neck lies berieadi the pelvic flooi^ 
particularly when the intra-abdominal pressure rises: the mechanism 
described above then fails to maintain continence (stress incontinence 
as a result of urethral hypermobility). 

MALE 

In the male, the bladder neck is completely surrounded by a drcular 
collar of smooth musde which extends distally to surround the pre- 
prostatic portion of the urethra. Because of the location and orientation 
of its constituent fibres, the term preprostatic sphinaer is suitable for 
this partiailar component of urinary traa smooth musde. This is a 
genital sphincter mechanism with a well-defined adrenergic irinervarion, 
which ensures anterograde ejaculadon by dosing the bladder neck 
during seminal emission. Distally, this musde merges with and becomes 
indistinguishable from the mu-sculature in the stroma and capsule of 
the prostate gland. 

Whether this preprostatic sphinaer replaces, or is additional to, 
the bladder neck musde pattern seen in the female is unclear, but it is 
probably additional. 

BLADDER OUTFLOW OBSTRUCTION 

In progressive chronic obstruction to micturition, e.g. by prostatic 
enlargement or urethral striaure, bladder musde hypertrophies. The 
muscle fasdculi increase in size and, becatise they interlace in all 
directions, a thick-walled 'trabeculated bladder' is produced. Mucosa 
between the fasddes forms 'diverticula' When butflow is thus obsttuaed 
emptying is not complete: some urine remains and may become 
infeaed, and infection may ascend to the kidneys. Bade pressure from 
a chronically distended bladder may gradually dilate the ureters and 
renal pelves (so-called 'hydronephrosis') and even the renal coUcamg 
tubules, which can result in progressive renal impairment. 



VASCULAR SUPPLY AND LYMPHATIC 
DRAINAGE 

AKTiRIES(R& 108.4). • 

The bladder is supplied prindpally by the superior and inferior vesical 
arteries, derived from the anterior trunk of the internal iliac anery, 
supplemented by the obturator and inferior gluteal arteries. In the 
female additional branches are derived from the uterine and vaginal 
arteries. 

Superior vesical artecy 

The superior vesical arteiy supplies many branches to the fundus of the 
bladder. The artery to the vas deferens often originates from one of these 
and accompanies the vas deferens to the testis, where it anastomoses 
with the testicular aitexy. Other branches supply the ureter. The begin- 
ning of the superior vesical arteiy is the proximal, patent section of the 
fetal umbilical artery. 

Inferior vesical artery 

The inferior vesical artery often ari.^ vt^ith the middle rectal arteiy from 
the internal iliac aiteiy. It supplies the base of the bladdei; prostate, 
seminal vesicles and lower ureter. Prostatic branches communicate 
across the midline The inferior vesical artery may sometimes provide 
the artery to the vas deferens. 

VEINS (Fig. 933) 

The veins which drain the bladder form a complicated plexus on its 
inferolateral surfaces and pass backwards in the lateral ligaments of the 
bladder to end in the internal iliac veins. 

LYMPHATIC DRAINAGE (Rg. 108.6) 

Lymphatics which drain the bladder begin in mucosal intermuscular 
and serosal plexuses. There are three sets of coileaing vessels, most of 
which end in the external iliac nodes. Vessels from the trigone emerge 
on the exterior of the bladder to run superolaterally. Vessels from the 




Middle rectal vein Intannal pudendal \«n 



Pig. 93.3 The veins of the right half of the male pelvis. (After Spaltehottz W 
1924 Die Arterien der Herzwand. Anatonnlsche Untersuchungen an Menschen and 
Tiererv. Leipzig: Hiael.) 



superior surface of the bladder converge lo the posterolateral angle and 
pass superolaterally lo the external iliac nodes (one may go to the 
internal or common iliac group). Vessels from the inferolateral surface 
of the bladder ascend to join those from the superior surface or run to 
the lymph nodes in the obturator fossa. 

Minute nodules of lymphoid tissue may occur along the vesical 
lymph vessels. 

Innervation 

The nerves supplying the bladder arise from the pelvic plexuses, which 
are a mesh of autonomic nerves and ganglia on the lateral aspeas of 
the reaum, internal genitalia and bladder base. Ihey consist of both 
sympathetic and parasympathetic components, each of which contains 
both efferent and afferent fibres. The innervation of the bladder has 
been reviewed in some detail by Mundy (1999). 

EFFERENT FIBRES 

Parasympathetic fibres arise from the second to the fourth sacral 
segments of the spinal cord and enter the pelvic plexuses on the 
posterolateral aspects of the rectum as the pelvic splanchnic nerves or 
nervi erigenies. The sympathetic fibres are derived from the lower three 
thoracic and upper two lumbar segments of die spinal cord. These form 
the coeliac and mesenteric plexuses around the great vessels in the 
abdomen from which the hypogastric plexuses descend into the pelvis 
as fairly disaete nerve bundles within the extraperitoneal connective 
tissue posterior to the ureter on each side. The anterior pan of the pelvic 
plexus is known as the vesical plexus. Small groups of autonomic 
neurones occur within the plexus and throughout all regions of the 
bladder wall. These multipolar iniramurai neurones are rich in acetyl- 
cholinesterase (AChE) and occur in ganglia consisting of up to 20 nerve 
cell bodies. Numerous preganglionic autonomic fibres form both 
axosomatic and axodendridc synapses with the ganglionic neurones. 
The majority of the preganglionic nerve terminals correspond morpho- 
logically to presumptive cholinergic fibres. Noradrenergic terminals 
also relay on cell bodies in the pelvic plexus: it is not known whether 
similar nerves synapse on intramural bladder ganglia. 

The urinary bladder (including the trigonal detrusor muscle) is 
profusely supplied vsrith nerves which form a dense plexus among the 
detrusor muscle cells. The majority of these nen^es contain AChE and 
occur in abundance throughout the muscle coat of the bladder. Axonal 
varicosities adjacent to detrusor muscle cells possess features which are 
considered to typify cholinergic nerve terminals and contain dusters 
of small (50 nm diameter) agranular vesicles together with occasional 
large (80-160 nm diameter) granulated vesicles and small mitochondria. 
Terminal regions approach to within 20 run of the siuface of the muscle 
cells and may be partially sunounded by Schwann cell cytoplasm, or 
more often are naked nerve endings. The human detrusor muscle 
possesses a sparse supply of sympathetic noradrenergic nerves which 
generally accompany the vascular supply and only rarely extend among 
the myocytes. Nonadrenergic noncholineigic nerves have been identified, 
and a number of other neurotransminers orneiu'omodulaiors have been 
deteaed in intramural ganglia, including the peptide somaiosiatin. 
The superficial trigonal muscle is associated with more noradrenergic 
(sympathetic) fibres than cholinergic (parasympathetic) nerves. This 
diflTerencc supports the view that the superficial trigonal muscle should 
be regarded as 'ureteric* rather than 'vesical' in origin. However it must 
be emphasized thai the superficial trigonal muscle forms a very minor 
part of the total muscle mass of the bladder neck and proximal uretlira 
in either sex and is probably of little significance in the physiological 
mechanisms which control these regions. 

The smooth muscle of the bladder neck in males is predominantly 
orientated obliquely or circularly and is sparsely supplied with 
cholinergic (parasympathetic) nerves but possesses a rich noradrenergic 
(sympailieiic) innervation. A similar disuibution of autonomic nerves 
also occurs in the smooth muscle of the prostate gland, seminal vesicles 
and vasa deferentia. Stimulation of sympathetic neives causes con- 
traction of smooth muscle in the wall of the genital tract resulting in 
seminal emission. Concomitant sympathetic stimulation of the proximal 
urethral smooth muscle causes sphinaeric closure of the pieprostatic 
sphincter, thereby preventing reflux of ejactilate into the bladder. 
Although this genital function of the bladder neck of the male is well 
established, it is not known whether the smooth muscle of this region 



plays an aaive role in maintaining urinary cominence: In contrast, the 
smooth muscle of the bladder neck of the female receives relatively few 
noradrenciigic nerves but is richly supplied with presumptive cholinergic 
fibres. The sparse supply of sympathetic nerves presumably relates to 
the absence of a functioning 'genital' portion of the wall of the female 
urethra. 

The lamina propria of the fundus and inferolateral walls of the 
bladder is virtually devoid of autonomic nerve fibres, apart firom some 
noradrenergic and occasional presumptive cholinergic perivascular 
nerves. However, as the urethral orifice is approached, the density of 
nenres unrelated to blood vessels inaeases. At the bladder neck and 
trigone a nerve plexus extends throughout the lamina propria. The 
constituent nerves are cholinesterase positive and run through the 
connective tissue independent of blood vessels. Some of the larger 
diameter axons are myelinated and others lie adjacent to the basal 
urothelial cells. As in the ureter, the subepithelial nerve plexus of the 
bladder is assumed to subserve a sensory function in the absence of any 
obvious effeaor target sices. 

AFFERENT FIBRES 

Vesical nerves arc also concerned with pain and awareness of distension 
and are stimulated by distension or spasm due to a stone, inflammation 
or malignant disease; they travel in sympathetic and parasympathetic 
nerves, predominantly the latter. Division of the sympathetic paths (e.g. 
'presacral neureaomy'), or of the superior hypogastric plexus, therefore 
does not materially relieve vesical pain, whereas considerable relief 
follows bilateral anterolateral cordotomy. Since nerve fibres mediating 
awareness of distension travel in the posterior columns (fasdculus 
gracilis), the patient still retains awareness of the need to micturate after 
anterolateral cordotomy. The nerve endings detecting noxious stimuli 
arc probably of more than one type: a subepithelial plexus of fibres 
containing dense vesicles, probably afferent endings, has been 
described. 

MECHANISM AND CONTROL OF MICTURITION (Fig. 93.4) 

Micturition consists of a storage phase and a voiding phase. During the 
storage phase the bladder accommodates an increasing volume of urine 
without any change in intravesical pressure. This is partly because of its 
viscoda^tic properties, and partly because a gateing mechanism in the 
spinal cord reflexly inhibits preganglionic parasympathetic (efferent) 
activity, and a similar mechanism in the pelvic ganglia prevents the 
transmission of preganglionic activity to postganglionic parasympathetic 
neurones until preganglionic activity reaches a threshold level (g^ng 
an all-oT-none efFeaJ, These properties are augmented by sufficient 
activity of the distal urethral sphincter to maintain urethral closure. 
This activity is controlled centrally by a storage centre within the rostral 
pons (called die L-centte because of its lateral location, p. 349). Mean 
bladder capacity in male adults varies around 400 ml. Micturition 
commonly occurs at smaller volumes. Filling to cSOOml may be 
tolerated, but beyond this pain is caused by tension in the wall, leading 
to the urgent desire to micturate Pain is referred to the cutaneous areas 
supplied by spinal segments supplying the bladder (T10-L2, S2-4), 
including the lower anterior abdominal wail, perineum and penis. 

With threshold afferent stimulation, efferent impulses tiom the 
micturition centre in the rostral pons (also called the M-centre because 
of its relative medial location) (p. 349). aaivate descending spinal 
pathways to the intermediolateral grey column of the second third and 
fourth sacral spinal segments where the cell bodies of the preganglionic 
parasympatiietic nerves are located. Their axons nin to the pelvic 
(inferior hypogastric) plexuses as die pelvic splanchnic nerves, and 
synapse on postganglionic parasympathetic neurones in ganglia within 
the plexuses and within the wall of the bladder. Postganglionic fibres 
ramify throughout the thickness of the detrusor smooth muscle coat. The 
ptoiuse distribution of these motor nerves emphasizes the importance 
of the parasympathetic nervous system in initiating and sustaining 



bladder contraction during miaurition. Just before the onset of voiding, 
the distal urethral sphincter is relaxed by central inhibition of its motor 
neurones (which are also located in the second, third and fourth sacral 
spinal segments), by the same nerve pathway which activates the pre- 
ganglionic parasympathetic nerves. Aaivation of the parasympathetic 
irmervauon of the bladder causes the release of acetylcholine. This 
activates muscarinic receptors in the detrusor layer of the bladder wall 
and this causes bladder contraction. Relaxation of the urethra is currently 
believed to be due to the release of nitric oxide from these same para- 
sympathetic nerves in the bladder neck and urethra. Ttie central inte- 
gration of the nervous control of the bladder and urethra is essential for 
normal micturition. ' 



MICROSTRUCTURE (Rg.93.4) 

The wall of the urinary bladder consists of three layers, an outer 
adventitial layer of soft connective tissue (which in some regions 
possesses a serosal covering of peritoneum), a smooth muscle coat (the 
detrusor muscle), and an inner mucosal layer which lines the interior of 
the bladder. 

The serous layer is restricted to the superior and, in males, part of the 
posterior, surfaces of the bladder. It consists of mesothelitim and under- 
lying connective tissue as ebewhere in the peritoneum. The detmsor 
muscular layer is composed of relathrely large diameter interlacing 
bundles of smooth muscle cells arranged as a complex meshwork. 
Three ill-defined layers are present and arranged in such a way that 
longitudinally orientated muscle bundles predominate on die irmer 
and outer aspects of a substantial cniddle circular layer. Posteriorly, 
some of the outer longitudinal bundles pass over the bladder base and 
fuse with the capsule of the prostate or with the anterior vaginal wall. 
Other bundles extend to the anterior aspea of the rectum as the reao- 
vesical muscle. Anteriorly some of the outer longimdinal bundles 
continue into the pubovesical ligaments and contribute to the muscular 
component of these structures. As in the muscle coat of the ureter, 
exchange of fibres between adjacent muscle bundles firequenUy occurs 
within the bladder wall. Functionally, therefore, the detrusor aas as a 
single unit of interlacing smooth muscle. 

The mucosa has a structure similar to that of the ureters. The mucosal 
lamina propria forms a relatively thick layer, varying in depth from 
500 iim in the fundus and inferolateral walls to clOO \im in the trigone. 
Small bundles of smooth muscle cells form an incomplete and rudi- 
mentary muscularis mucosae. An extensive network of blood vessels is 
present throughout the lamina propria and supplies a plexus of thin- 
walled fenestrated capillaries which lie in grooves at the base of the 
tiTothelium. In addition to the urothelium, the epithelium of the 
bladder neck and trigone also contains a cell which is characterized 
by the presence of numerous large membiane-bound vesicles each 
containing a central dense granule: diese cells belong to die dispersed 
neizroendocrine system (p. 180). 

Several morphological variations have been described in the mucosa 
of die bladder. Since they occur in otherwise normal healthy adults, 
they are not considered to represent pathological conditions. One of 
the commonest epithelial variants found in bladder biopsy samples 
or at postmonem are so-called Von Brunn's nests, proliferations of 
morphologically normal basal urothelial cells which project into the 
underlying connective tissue of the lamina propria and are particularly 
frequent in the trigone. They may undergo central involution which 
results in areas of oedematous-looking mucosa termed cystitis cystica. 
Mucus-secreting glands with single or branched ducts are frequenUy 
observed in the bladder mucosa, and are particularly numerous near 
the ureteric and internal urethral orifices. Non-keratinizing squamous 
metaplasia of the vaginal type frequently occurs in the urinary bladder 
mucosa, especially over the trigone, commonly in adult females, and 
rarely in males. It is of no pathological significance when confined to 
the trigone. 




Rg. 93.4 Control of micturition. The micturition control centre is in th« pvtmedtin pontint retkglw WlOn on oeh M». It comprBes '"^"^J^^J^^JZ 

cLh. -M- ,od laterally placed storag. centre. X. Neurone, project from the U ar,d to the rtorage centj. V » .P»"'y7?!^5r',"T^"^Tn^ ^^^t 

Mcr.1 Spinal cord, and to OmT. nucU which is In the ««» .egments. and which Innervate, the external urethral 'P^«^*'.^^ J*''^."™^"^^ 

prefromal and anterior elngulate cortex right preoptic nucleus and periaqueductal grey matter, are mvo^ved .n the contml of '"•^'^^^^^f^^^^'^^^ 

Receptors in the detrusor trigonal mucosa relay the extent of bladder filling to the brain stem «^ thalamus ''^«P"»«»«"^?^^:' ^.StStaPffl^ 

syn,;.thetic system that maintain, bladder compliance increases 9^ receptors demsor fibres) "''.P^'^^Pf ''.^^te^^^ 

synapsing in the L' nucleus in the pons activate Onuf^ nucleus to Increase the tone of the enernal sphincter (3). If mKturmon is d^ted. I*™* ''^''^t^T^^l^^ 

4n^l »rus inhibit the right ante^or cingulat. gyrus, preoptic «ea and periaqueductal grey matter) VoU,nt»y contr»c««. '^^I^^J^^^^''^''''^ 

by the prefrontal cortex driving the perineal W of the motor corte. (5) cannot be long sustained once filling is complete. (By permission ftom FitiGeraW MJT, 

Folan-Curren J 2001 Clinical Neuroanatomy, 4th eda London: Saunders.) ^^^^ 



REFERENCES 

JQutkc CG, Sicgcl CL 1995 Fimaional fanaJc pelvic anatomy. Urol Clin North 
Am 22(3}: 487-98. 

Mundy AR, Fitzpatrick J. Ncal D, George N 1999 Structure and function of the 
lowerurinaiy traa. In: The Scientific Basis of Urology, Chapter 11. Oxford: Isis 
Medical Media: 217-42. 

Expldins th£ ngurobgical components of bladder function from the hi$her cortical 
centm to molecular events within ^ cells of the detrusor muscle. 



BLADDER, PROSTATE AND URETHRA 



Male urethra chapter 

94 



The male urethra isl8-20 cm long and extends from the internal orifice 
in the urinary bladder to the external opening, or meatus, at the end of 
the penis. It may be considered in two parts (Figs 93.1, 94.1). The 
relatively long anterior urethra (c. 16 cm long) lies within the pcrineimi 
(proximally) and the penis ( distal ly) surroimded by the corpus 
spongiosum and is funaionally a conduit. The relatively short posterior 
urethra (4 cm) lies in the pelvis proximal to the corpus spongiosum 
and is aaed upon by the urogenital sphinaer mechanisms and also acts 
as a conduit. 

The anterior urethra is subdivided into a proximal component the 
bulbar urethra^ which is surrounded by the bulbospongiosus and is 
entirely within the perineum, and a pendulous or penile component, 
which continues on to the tip of the penis. 

The posterior urethra is divided into preprostatic prostatic, and 
membranous segments. 

In the flaccid penis, the urethra as a whole presents a double curve 
(Fig. 93.1). Except during the passage of fluid along it the urethral 
canal is a mere slit in uansverse sectioa the slit is transversely arched 




External urethral orifice 



jFig. 94.1 The v^^ole length of the lumen of the male urethra exposed by an 
incision extending into *rt from its dorsal aspect. Note openings of prostatic 
utricle and ^jaculatory ducts on the colllculus seminalls {verutnontamim). 



in the prostatic part in the preprostatic and membranous portions it is 
stellate^ in the bulbar and peniJe portions it is transverse, while at the 
external orifice it is sagittal. 

PREPROSTATIC PART 

The preprostatic urethra is cl-1.5cm in length, extending almost 
vertically &om the bladder neck to the superior aspea of the 
veruxnontanum. In addition to the smooth muscle bundles v^hich run 
in continuity from the bladder neck down to the prostatic urethra, and 
distinct from the smooth muscle vdthin the prostata smooth musde 
bundles sunoimd the bladder neck and preprostatic urethra: they are 
arranged as a distina droilar collar which has its own distinct adrenergic 
innervation. The bundles which form this 'preprostatic sphincter* are 
small in size compared with the muscle bundles of the detrusor and are 
separated by a relatively larger connective tissue component rich in 
elastic fibres. Unlike the detrusor and the rest of the urethral smooth 
musde (common to both sexes), the preprostatic sphincter is almost 
totally devoid of parasympathetic cholinergic nerves but is richly 
supplied with sympathetic noradrenergic nerves. Contraaion of the 
preprostatic sphinaer serves to prevent the retrograde flow of ejaculate 
through the proxjjnal urethra into the bladder, and can maintain con- 
tinence when the external sphinaer has been damaged. It is extensively 
disrupted in the vast majority of men tmdergoing bladder neck surgery, 
e.g. transurethral resection of the prostate, which results in retrograde 
ejaculation. 

PROSTATIC PART 

The prostatic urethra is c3-4 cm in length and tunneb through the sub> 
stance of the prostate doser to the anterior than the posterior surface of 
the gland. It is continuous above with the preprostatic part and emerges 
from the prostate slightly anterior to its apex (tlie most inferior point 
of the prostate). The urethra turns anterioriy as it passes througji the 
prostate making an angle of c.35'. Throughout most of its Icngdi the 
posterior wall possesses a midline ridge, the urediral aest which projects 
into the lumen causing it to appear aescentic in transverse section. On 
each side of the aest there is a shallow depression, termed the prostatic 
sinus, the floor of which is perforated by the orifices of c. 15-20 prostatic 
ducts. An elevation, the verumontanum (colliculus seminalis), at about 
the middle of the length of the urethral crest contains the sUt-like 
orifice of the prostatic utride. On both sides of, or just within, this 
orifice are the two small openings of the ejaculatory ducts. Ihe prostatic 
utride is a cul-de-sac c6 mm long, which nms upwards and backwards 
in the substance of the prostate behind its median lobe. Its walls are 
comiposed of fibrous tissue, muscular fibres and mucous membrane; 
the latter is pitted by the openirigs of numerous small glands. The 
prostatic utride devdops from the paramesonephric ducts or urogenital 
sinus, and is thought to be homologous with die va^na of the female 
(p. 1385). It is sometimes called the 'vagina inasculina', but the more 
usual view is that it is a uterine homologue and hence the term 'uuide'. 

The lowermost part of the prostatic urethra is fixed by the pubo- 
prostatic ligaments and is therefore immobile. 

MEMBRANOUS PART 

The membranous part of the urethra is the shortest (cl.5 cm), least 
dilatable and, with the exception of the external orifice the narrowest, 
section of the urethra, h descends with a slight ventral concavity from 



the prostate to the bulb of the penis (Fig. 93.1), passing through the 
perineal membrane, c.2.5 cm posteroinferior to the pubic symphysis. 
The wall of the membranous urethra consists of a muscle coat separated 
from the epithelial lining by a narrow layer of fibroelastic connective 
tissue. The muscle coat consists of a relatively thin layer of bundles of 
smooth muscle, which are continuous proximal ly with those of the 
prostatic urethra, and a prominent outer layer of circularly orientated 
striated muscle fibres, which form the external urethral sphinaet; as 
it is commonly known. The bladder neck is sometimes called the 
proximal sphinaer mechanism, to distinguish it from the distal sphinaer 
mechanism. This latter term has considerable value bepause it recognizes 
that the sphinaer-active membranous urethra consists of several 
components, namely, urethral smooth muscle; urethral striated muscle 
(rhabdosphincter), which is the most important component; and the 
periurethral part of levator ani, which is important to resist surges of 
intra-abdominal pressure (e.g. on coughing or exercise). The external 
sphincter represents the point of highest intraurethral pressure in the 
normal, contraaed state. The intrinsic striated muscle component is 
devoid of muscle spindles. The striated muscle fibres themselves are 
unusually small in cross-sertion (15-20 p,m diameter), and are physio- 
logically of the slow twitch type, unlike the pelvic floor musculature, 
which is a heterogeneous mixmre of slow and fast twitch fibres of larger 
diameter. The slow twitch fibres of the external sphincter are capable of 
sustained contraction over relatively long periods of time and actively 
contribute to the tone, which closes the iu"eihra and maintains urinary 
continence. 

The urethral sphinaer mechanism is described on page 1367. 



ANTERIOR PART 

The anterior or spongiose part of the urethra lies within the corpus 
spongiosum penis (p. 1315). It is c.l5 cm long when the penis is flaccid 
and extends from the end of the membranous urethra to the external 
urethral orifice on the glans penis. It starts below the perinea! membrane 
at a point anterior to the lowest level of the symphysis. This part of the 
anterior urethra is surrounded by bulbospongiosus and is called the 
bulbar urethra. It is the widest pan of the urethra. The bulbourethral 
glands open into this section of the urethra c2.5 cm below die perineal 
membrane. 

From heier when the penis is fiacdd, the urethra curves downwards 
as the penile urethra. It is a narrow, transverse slit when empty, and has 
a diameter of c6 mm when passing urine. It is dilated at its termination 
within die glans penis where il is known as the navicular fossa. The 
external urethral orifice is the narrowest part of the urethra, and is a 
sagittal slit c6 mm long, bounded on each side by a small labium. 

Hie epithelium of the urethra, particularly in the bulbar and distal 
penile segments, presents the orifices of numerous small mucous 
glands and follicles situated In the submucous dssue and named the 
urethral glands. It also contains a number of small pit-like recesses, or 
lacunae/ of varying sizes whose orifices are directed forwards. One, 
larger than the rest the lacuna magna, is situated on the roof of the 
navicular fossa. 



CONGENITAL ANOMALIES OF THE 
URETHRA 

Hypospadias, found in c. I in 300 boys, most often results in the urethra 
Opening in the distal penis; sometimes it opens on the ventral aspea of 
the penis or more proximally up to the perineum. There is also an 
associated abnormality of the prepuce, which is longer docsally and 
lacking venirally, and often an associated chordee which causes a 
ventral curvature of the penis. It is important that this anomaly be 
identified prior to circumcision, because the abnormal foreskin is 
sometimes used for.sutgical collection of the deformity. Posterior 
urethral valves occur in 1 in 5000 to 8000 males and the most common 
cause of urinary outflow obstruction in male infants. The commest type 
(Type I) are believed to occur if the Wolffian ducts open too anteriorly 
onto the primitive prostatic urethra. This abnormal migration of the 
ducts leaves behind diick vestigial tissue that forms rigid valve cusps 
extending caudally from the vcmmontanum. 

Very rarely urethral duplication is seen. When present the two 
urcthrae almost invariably lie on lop of each other rather than side by 
side It is possible that one of the urethrae, most likely the more dotsal, 
may be blind ending. 



VASCULAR SUPPLY AND LYMPHATIC 
DRAINAGE 

URETHRAL ARTERY 

The urethral artery arises from the internal pudendal artery or common 
penile artery just below the perineal membrane and travels through the 
corpus spongiosum, to reach the glans penis. It supplies the urethra and 
erectile tissue around it In additioa the urethra is supplied by the 
dorsal penile artery, via its circumflex branches on each side and, reu-o- 
grade from the glans, by its terminal branches. The blood supply through 
the corpus spongiosum is so plentiful that the urethra can be divided 
without compromising its vascular supply. 

VEINS 

The venous drainage of the anterior urethra is to the dorsal veins of the 
penis and internal pudendal veins, which drain to the prostatic plexus. 
The posterior urethra drains into the prostatic and vesical venous 
plexuses, which drain into the internal iliac veins. 

LYMPHATIC DRAINAGE 

Vessels from xhe posterior urethra pass mainly to the internal iliac nodes; 
a few may end in the external iliac nodes. Vessels from the membranous 
urethra accompany the internal pudendal artery. Vessels from the 
anterior urethra accompany those of the glans penis, ending in the deep 
inguinal nodes. Some may end in superficial nodes; others may traveree 
the inguinal canal to end in the externa] iliac nodes. 



TRAUMATIC INJURY TO THE URETHRA 

The urethra may be mptured by a fall-astride (or straddle) injuiy to the 
bulbar urethra in the perineum, or by an injury related to a pelvic 
fraaure. These injuries usually aflea the junction of the membranous 
witii the bulbar segments across the perineal membrane. One compli- 
cation of such injuries is extravasation of urine After an injury to the 
bulbar urethra, urine usually extravasates between die perineal mem- 
brane and the membranous layer of the superficial fascia (clinically 
known as Colles' fascia). As both of tiiese are attached firaily to the 
ischiopubic rami, extravasated fluid caimot pass posteriorly because the 
two layers are continuous around the superficial transverse perineal 
muscles. Laterally, the spread of urine is blocked by the pubic and 
ischial rami. Urine cannot enter the lesser pelvis through the perineal 
membrane if thus remains intact, so it makes its way anteriorly into the 
loose connective tissue of the scrotum and penis and thence to the 
anterior abdominal wall. If the posterior urethra is injured, urine is 
extravasated into the pelvic extraperitoneal tissue: if the perineal mem- 
brane is torn as well extravasation may also occur into the perineum. 



INNERVATION 

The prostatic plexus supplies the smooth muscle of the prostate and 
prostatic urethra. It is derived from the pelvic plexus on each side and 
lies on the posterolateral aspect of die seminal vesicle and prostate 
on each side. Lesser cavernous nerves pierce the bulb of the corpus 
spongiosum proximaily to supply the penile urethra. The greater 
cavernous nerves carry the sympathetic supply which causes 
contraaion of die preprostatic sphinaer during ejaculation an" 
prevents reflux of ejaculate into the bladder. The parasympatheuc 
preganglionic fibres come from the second to fourth sacral segments. 
The nerve supply of Uie intrinsic muscle striated componeni (or 
rhabdosphinaer) of the distal sphinaer mechanism (or external 
sphincter) is controversial. It is generally believed to be supplied by 
neurones in Onuf s nucleus and by perineal Isranches of the pudendal 
nerve lying on the perineal aspea of the pelvic floor. In both instances 
the axons arise from neurones in S2, 3 and 4. Fibres from Onuis 
nucleus (which is somatic] travel with the pelvic plexus on each side 
until they branch off and run on the pelvic aspea of the pelvic floor to 
enter the membranous urethra. 



. A ' , V ' ^ MICROSTRUCrURE 



MiCROSTRUCTURE 

The epithelium lining the preprostatic urethra and the proximal part of 
ihe prostatic urethra is a typical uroihelium. li is continuous with that 
lining the bladder, and with the epithelium lining the duos of the 
prostacc and bulbourethral glands, the seminal vesicles, and the vasa 
deferentia and ejaculatoiy ducts. These relationships are important in 
the spread of urinary traa infections. 

Below the openings of the ejaculaiory ducts the epithelium changes 
10 a pseudosuatified or stratified columnar type, which lines the mem- 
branous urethra and the major part of the penile urethra. Mucus- 
scaeting cells are common throughout this epithelium and frequently 



occur in small dusters in the penile urethra. Branching tubular para- 
urethral glands secrete proteaive mucus onto the urethral epithelial 
lining and are especially numerous on its dorsal aspect. In older men 
many of the deep recesses of the urethral mucosa contain concretions 
similar to those found within prostatic glands (p. 1302). Towards the 
distal end of tlie penile urethra the epithelium changes once again, 
becoming stratified squamous in type with well-defined connective 
tissue papillae This epithelium also lines the navicular fossa and 
becomes keratinized at the external meatus. The epithelial cells lining 
the navicular fossa are glycogen- rich. This may provide a substrate for 
commensal laaobacilli which, as in the female va^na (p. 1353), 
provide a defence against pathogenic organisms. 
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Tlie female urethra is c.4 cm long and 6 mm in diameter. It begins at 
the internal urethral orifice of the bladder, approximately opposite the 
middle of the symphysis pubis, and ains anteroinferiorly behind tJie 
symphysis pubis, embedded in the anterior wall of the vagina. It crosses 
tlie perinea] membrane and ends at the external urethral orifice as an 
anteroposterior slil with rather prominent margins situated directly 
anterior to the opening of the vagina and c.2.5 cm behind the gjans 
ditoridis (Fig. 108.10). It sometimes opens Into the anterior vaginal 
%vall. llxcept during the passage of urine, the anterior and posterior walls 
of the urethra are in apposition and the epitlielium is thrown into longi- 
tudinal folds, one of which, on the posterior wall of the canal is termed 
the urethral crest. Many small mucous urethral glands and minute pit- 
like recesses or laamae open into the urethra. On each side, near the 
lower end of the urethra, a number of these glands are grouped together 
and open into a duel, named die para-urethral duct: eadi dua runs 
down in the submucous tissue and ends in a small aperture on the 
lateral margin of the external urethral orifice. 

VASCULAR SUPPLY, LYMPHATIC DRAINAGE 
AND INNERVATION 

Arteries - The blood supply to the female urethra is derived from the 
vesical and vaginal arteries, prindpally the latter. 

Veins - The venous plejcus around the urethra drains into the vesical 
venous plexus around the bladder neck, and into the internal pudendal 
veins. An erectile plexus of veins along the length of the urethra is 
continuous with the erectile tissue of the vestibular bulb. 

Lymphatic drainage - The urethral lymphatics drain into the internal 
and external iliac nodes. 

Innervation - Parasympathetic preganglionic fibres from the second to 
fourth segments of the sacral spinal cord run in the pelvic splanchnic 
nerves and synapse in the vesical plexus in or near the bladder wall 
(p. 1291): postganglionic fibres are distributed to the smooth muscle of 
the urethral wall Somatic fibres to the striated musde are derived firom 
the same sacral segments, and run in the pelvic splanchnic nerves but 



do not synapse in the vesical plexus. Sensory fibres run in the pelvic 
splanchnic nerves to the second to fourth segments of the sacral spinal 
cord. Postganglionic sympathetic fibres arise from the plexus around 
the vaginal arteries. 



MICROSTRUCrURE (Fig.9s.i) 

The wall of the female urethra consists of an outer musde coat and an 
inner mucosa, which lines the lumen and is continuous with that of the 
bladder. The muscle coat consists of an outer sheath of striated muscle 
(external urethral sphincter or distal sphincter mechanism together wiih 
an inner coat of smooth muscle fibres. Ihe female external urethral 
sphincter is anatomically separate from the adjacent periurethral 
striated muscle of the anterior pelvic floor. The fibres of the sphinaer 
arc arranged like a signet ring. They form a sleeve which is thickest 
anteriorly in the middle one-ibird of the urethra, and is relatively 
deficient posteriorly. The striated muscle extends into the anterior wall 
of both the proximal and distal thirds of the urethra but is defident 
posteriorly in these regions. Tlie musde cells forming the external 
urethral sphincter are all small diameter, slow twitch, fibres. 

The smooth muscle coat extends throughout the length of the 
urethra and consists of slender mtisde bundles, the majority of which 
are orientated obliquely or longitudinally. A few circularly arranged 
musde fibres occur in the outer aspect of the non-striated musde layer 
and intermingle with the skeletal musde fibres forming the inner pan 
of the external urethral sphincter. Proximally the urethral smooth muscle 
extends as far as the bladder neck where it is replaced by fascicles of 
detrusor smooth muscle. This region in the female lacks a well-defined 
circular smooth muscle component comparable with the preprostaiic 
sphincter of tJie male. Distally, urethral smooth musde bundles 
terminate in the subcutaneous adipose tissue surrounding the external 
urethral meatus. 

Tlie smooth musde of the female urethra receives an extensive 
presumptive cholinergic parasympathetic nerve supply, but contains 
relatively few noradrenergic nerves. In the absence of an anatomical 
sphincter, competence of the female bladder neck and proximal urethra 
is unlikely to be totally dependent on smooth muscle activity, and is 
more probably related to the support provided by the ligamentous 



Fig. 95.1 Transverse section through the 
female urethra. The lumen (centre field) is 
lined by a stratified squamous non-keratinizin^ 
epitheliurn, continuous with the keratinized 
epithelium of the genital vestibule (below) 
into which it opens. The urethral mucosa is 
surrounded by a circular smooth muscular layer. 
(By kind permission of Anthony R Mundy.) 
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siructiires which surround them. The innervaiion and longitudinal 
orientation of most of the muscle fibres suggest that urethral smooili 
muscle in the female is aaive during micturition, serving to shorten and 
widen the urethral lumen. 

The mucosa lining the female urethra consists of a suratified epi- 
thelium and a supporting lamina propria of loose fibroelastic connective 
tissue. The latter is bulky and well-vascularized, and contains numerous 
thin-walled veins. Its abundant elastic fibres are orientated both longi- 



tudinally and circularly around the urethra. The lamina propria contains 
a fine neive plexus, believed to be derived from sensory branches of the 
pudendal nerves. The proximal part of tlie urethra is lined by urothelium. 
identical in appearance to that of the bladder neck. Distally the epitlielium 
changes into a non-keratinizing suatified squamous type which lines 
the major portion of the female urethra. This epithelium is keratinized 
at the external urethral meatus where it becomes continuous with the 
sldn of the vestibule. 
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